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THE TREND OF THOUGHT IN 
PHYSICS? 


THE retiring vice-president for Section B is in the 
position of an electron who two years ago was hurled 
from his normal state of repose into a new orbit in 
which, according to true classical laws, he does noth- 
ing, and is not expected to do anything, but from 
which he is not allowed to return without emitting 
his quantum. And so, I appear before you to-day 
to emit my quantum in the form of an address. [I 
am not unmindful of the fact that the emission of 
quanta takes place according to laws which are re- 
stricted by no precedent, so, on this oeeasion, I feel 
free to wander as I please in the realms of specula- 
tion. 

From the quietude of a quarter of a century ago, 
when it appeared to many that physies had exhausted 
itself and all that was worth discovering had been dis- 
covered, and when would-be Ph.D.’s went about like 
roaring lions seeking something to measure and find- 
ing nothing but the density of a gas or the viscosity 
of a solid, from a state where the line of demarka- 
tion between what we could hope to probe further 
and what was apparently beyond our reach forever 
was so sharp, from a state where the mechanism of 
what was known was so very clear and the mechan- 
ism of what was unknown was so very obscure, we 
have, in a few short years, evolved a situation in 
which nothing is very clear and nothing is very ob- 
secure, but in which we have found courage to peer 
into the innermost shrines of nature with a hope of 
comprehension of what we may there find. And 
what have we found? We have found as part of 
the same mechanism phenomena which take place ac- 
cording to our most primitive and naive conceptions 
and phenomena which appear to violate some of our 
most cherished ideas as to how we think nature ought 
to work. We might have been serenely happy in a 
state of mind where electrodynamics remained un- 
touehed, and it was necessary to appeal to the occult 
to explain the atom; but, when the atom draws upon 
electrodynamics just sufficient to spoil it and yet leave 
us bound to it, we may be exeused for a feeling of 
confusion and for a tendency to join in the cynicism 
of the wag who said that atomic theory is classical 


1 Address of the retiring vice-president and chairman 
of Section B—Physics—American Association for the 
Advancement of Science, Washington, December 30, 
1924. 
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electrodynamics on Mondays and Wednesdays and 
quantum theory on Tuesdays and Fridays. 


THE REASONABLENESS OF PuysicaL HyPpoTHEsES 


I suppose that if one should ask the theoretical 
physicist what he is trying to do, he would be fairly 
safe in replying that he is trying to understand the 
universe. And what does this understanding of the 
universe mean? It means different things to differ- 
ent people. To most physicists, however, it means 
the realization of a process of logical reasoning by 
which the phenomena of nature may be deduced as 
@ consequence of certain hypotheses which are ac- 
cepted without further inquiry. We are all familiar 
with the satisfaction which we feel when things are 
accounted for on the basis of certain hypotheses 
which we like. But an attempt to establish even the 
most plausible of these hypotheses on any basis 
other than pure hypothesis usually results in sorry 
failure. The average physicist would doubtless be 
much pleased if he could see some way by which 
gravitation could be transmitted as the result of 
strain in an elastic medium. If some philosopher 
should ask him what he means by an elastic medium, 
he may be wary and give a formal definition, but 
the thing which really gives him satisfaction about 
the medium will be the thought of a piece of elastic 
and the belief that the medium acts in a way some- 
what analogous to that piece of elastic. If the philos- 
opher should ask why the elastie pulls, he will reply, 
“Weil, that is a matter of cohesion, but we believe 
that when the molecules of the elastic are separated 
from each other, they tend to come together again.” 
“But,” says the philosopher, “why do they do this?’ 
“Well,” replies the physicist, “although we speak 
crudely of their being separated, we really believe 
that they are embedded in a medium which has elastic 
properties, so that it resists their separation.” “But 
what do you mean by the medium having elastic prop- 
erties?’ says the philosopher. “That it is in some 
way analogous to a piece of elastic,” says the physi- 
cist. “But why does the elastic pull?” says the phi- 
losopher. And so we are back where we started. 

Well, has nothing then been accomplished by our 
physicist’s theory? Is he really as big a fool as he 
looks? I think not, for if he had realized his ambi- 
tion in creating an elastic theory, he would at least 
have shown that this phenomenon, gravity, which he 
does not understand, acts in the same sort of way as 
that other phenomenon concerned with the elastic 
which he also does not understand although he thinks 
he does. There is at least a unification of ignorance 
in the matter. Psychologically the theory satisfied 
our physicist because he had become familiar with the 
elastic before he was old enough to think about it 
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and be astonished at its power to pull; and he had 
arbitrarily accepted this pulling property as Some. 
thing which needed no explanation or at any rj, 
needed much less explanation than most other things, 
And so we all have what I may call criteria for 
reasonableness, in terms of which we think, They 
are functions of the age in which we live, and of th 
phenomena which have been studied and made familiar 
to us by our immediate predecessors. 

Three centuries ago, the astronomer Francesa 
Sizzi, arguing against Galileo’s discovery of Jupiter, 
moons, spoke thus :? 

There are seven windows in the head, two nostrils, two 
eyes, two ears, and a mouth; so in the heavens there ar 
two favorable stars, two unpropitious, two luminaries, 
and Mercury alone undecided and indifferent. From 
which and many other similar phenomena of nature, such 
as the seven metals, etc., which it were tedious to env. 
merate, we gather that the number of planets is neces. 
sarily seven. 

Moreover, the satellites are invisible to the naked eye, 
and therefore can have no influence upon the earth, and 
therefore would be useless, and therefore do not exist. 

Besides, the Jews and other ancient nations as well as 
modern Europeans have adopted the division of the week 
into seven days, and have named them from the seven 
planets; now if we increase the number of the planets 
this whole system falls to the ground. 


Now, argue as we may, this man was probably no 
fool. He was doubtless a man of eminence in his day. 
His criteria for reasonableness were different from 
ours. And there is a certain element of truth in his 
statements. There are seven days in the week, seven 
openings in the head, and so forth, and if he had 
pushed his ideas far enough, he might even have pre- 
dicted something about the periodic table. His hy- 
pothesis that all things which exist have some use is 
not at all a bad hypothesis, and would correlate many 
facts in biology. It would suggest to us that the 
laws of electrodynamics could not be expected to hold 
in the atom, for to build an atom in this way would 
be very bad since it could not be permanent. Of 
course, his criteria for reasonableness seem very naive 
to us. He did not know as much as we do, and did 
not have so many things to explain. If he had, he 
might have joined us in saying: 

If we set a tuning fork into vibration by means of 
another vibrating fork placed at a distance, we can, if 
we wish, trace out the air motions by which the vibra- 
tions: are transmitted. We can demonstrate that the 
energy is handed on through the medium. A similar 
thing can be demonstrated when a cork in one part of 
a pond is made to oscillate through the agency of a stone 
thrown into the pond at another place, or when an object 


2Quoted from Sir Oliver Lodge’s ‘‘Pioneers of 
Science. ’’ 
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at one end of a table is shaken by vibrations communi- 
cated at the other end. Hence, if things do not take 
place in this way when an electron falling upon the tar- 

t of an X-ray tube causes the ejection of an electron 
somewhere else, all of this is meaningless. 


Tue FACTORS WHICH HAVE MovuLpED THOUGHT ON 
THE LINES OF CLassicaL DyNAMICcS 


I believe some bygone astronomer said that the 
planets moved in circles because the circle is the per- 
fection of symmetry. Now that would not have been 
a bad law if it had only been right, and if it had 
been a little more explicit as to the relation between 
the sizes of the orbits and the speeds of the planets; 
for, after all, a circle is a very nice curve for a self- 
respecting planet to move in. However, the language 
of celestial mechanics speaks otherwise. It says that 
the planet moves in a circle, or rather in an ellipse, 
because it would really like to move in a straight line, 
but the sun prevents it. Now passing over for the 
moment the question of what is meant by a straight 
line, I think that we should make a philosophical 
error in supposing that a planet should prefer a 
straight line to any other curve if left to itself, what- 
ever that might mean. The fact is that if we analyze 
the motion of the planet and pick out the accelera- 
tion, we find that it is always directed towards the 
sun, and that its magnitude depends only upon the 
distance from the sun, following, in fact, the well- 
known inverse square law, so that at great distances 
from the sun, the motions of the planets tend more 
and more towards the rectilinear constant velocity 
type. There are many other cases where the motion 
of a body is completely described by the statement 
that its acceleration is a function only of its position 
in relation to other bodies, as, for example, the case 
of a stone swinging around at the end of a piece of 
elastic. In the case of the stone and the elastic, it 
is necessary to attach, as a coefficient of the accelera- 
tion, a mass factor depending on the stone, in order 
that the qhantity so obtained shall be determined en- 
tirely by the position. It is because things are such 
that in a large number of cases the mass times the 
acceleration is determined entirely by the position of 
the body that it has been convenient to give a name 
to that quantity, and another name to the function 
of the position to which it is vectorially equal. No- 
body could have prevented our defining force as pro- 
portional to the acceleration had some other law been 
true, but nobody would have done it. The orientation 
of our thoughts, the adjustments of our criteria for 
reasonableness so that the motions of the planets and 
other bodies shall be understood by us in terms of 
those criteria, is one where we define force to be 
absent if the body is moving without acceleration. 
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There is no question of rightness or wrongness. It 

is a matter of definition. Absence of acceleration 

represents the state of nothingness which the mind 

takes as its origin from which to elaborate its 

thoughts. That the situation is not even one in- 
herent in our primitive instincts is obvious when we 

recall the difficulty experienced by beginners in phys- 

ics in understanding why a heavy body can be kept 

moving with constant velocity without the applica- 

tion of a force. I have a good deal of sympathy with 

them. For, why the second time derivative of the 

motion rather than the first or the third or the fifth 

should be elevated to fundamental importance is a 
question whose answer can not be elaborated out of 
nothing. The state of mind to which our experi- 
ences have adapted us is one in which, if the body 
is at rest or moves with constant rectilinear velocity, 

we are content, no questions are asked. If it moves 
otherwise, we have decided to ask why, and we have 
been led to inquire particularly as to the acceleration, 
because that is the quantity which in most of the eases 
which have interested us in the past may be expressed 
readily in terms of the position of the bodies in rela- 
tion to other bodies. The law is simple. Of course, 
it is a very interesting thing that it should be pos- 
sible to express the matter in any manner which is 
simple; but, in pondering over the reason for the 
simplicity of nature’s laws, it is well to remember that 
that simplicity is imparted largely because mankind, 
being unconsciously wise, has chosen to give names to 
those things which are simply related. Herein is the 
origin of the conservation of energy. For the fact 
that the mass accelerations of the bodies are fune- 
tions only of their positions leads by direct analytical 
procedure to the result that the sum of the one half 
mv? plus a certain function of the positions of the 
bodies is always constant. Hence, the desirability 
of giving names (kinetic and potential energies) to 
the two quantities which possess such a simple and 
striking property. So much does the mind love the 
idea of something remaining constant that directly 
the laws of any new branch of physics are formulated, 
they are immediately searched for something which 
these laws keep constant in such a way as to permit 
of its being christened energy. 

And so we have grown up in a frame of thought 
which speaks of forces, masses and accelerations. 
The law of action and reaction and its extension in 
the principle of d’Alembert merely place restrictions 
on the types of the forces which occur, and the equa- 
tions of Lagrange, the principle of least action and 
the Hamiltonian principle merely form analytical 
elaborations of the scheme suitable for application 
to special types of problems. 
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THe Description or New Laws IN THE LANGUAGE 
OF THE OLD 


When the accelerations are no longer functions of 
the position alone, but involve, for example, the 
velocities, we retain the form of the language with 
the stipulation that the forces depend upon things 
other than the relative positions. In this way arise 
such concepts as viscous forces. So wedded are we 
to the language which we have created, and in terms 
of which we think, that we will go to almost any 
length to preserve it. Thus, in the case of electro- 
dynamics, the principles of the subject have led to a 
form of statement of the law of motion of an electron 
in which we say that the electron moves in such a way 


that 
Sf e (E+ axM jar=0 


where E and H are the electric and magnetic fields, 
@ is the electric density, u the velocity of an element 
of the electron, and the integral is extended all over 
the electron. 

We do not like this statement. It does not look 
like an equation of motion, so we first divide the 
nothing into two parts (a large portion of theoretical 
physies is derived by dividing nothing up into two 
parts) and write it as 


FF feEos 2 Meyars ff o(E, +2 )dt=0 


where subscript i denotes the field of the electron’s 
charge, and subscript o the field of the other charges 
of the system. The integral involving-the subscript i 
is of course calculable when we know the shape and 
change of shape of the electron with motion; and 
when we work it out and expand it as a function of 
the velocity, acceleration and higher time derivatives, 
we obtain, even for the case where ‘motion is recti- 
linear, an equation of the form 


SIS oe, +B Me ara a,x -an+-- ete 


c 














where the a’s are functions of the velocity of the 
electron. We thus have an equation in which the 
acceleration of the electron appears. All the rest of 
the terms are transferred to the left-hand side and 
christened “Force,” the term 


SS fee, Pt eae 





being the external force, and the other terms radia- 
tion reactions. Thus is our language “Force equals 
mass times acceleration” maintained. It is true that 
since the coefficient of the acceleration is a function 
of the velocity it is necessary to speak of a mass vary- 
ing with the velocity; and, moreover, since that co- 
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efficient of the acceleration is different when {, 
velocity is perpendicular to the acceleration from 
what it is when it is parallel thereto, it is necessary 
to speak of a longitudinal and a transverse mass, 

The limit of straining of ideas would of course be 
reached if the equation of motion had not involyeg 
the acceleration at all. We could still have inserte 
it on the right-hand side provided that we had put 
in a corresponding term on the left-hand side to ap. 
cel it, but nobody would believe that the formal re 
tention of the words “Force equals mass acceleration” 
for this case would provide any simplification. 

I of course grant that the smallness of the varia. 
tion of mass with velocity, and the relative unimpor. 
tance of the terms other than the acceleration term jp 
the usual cases where the equation is employed afford 
a justification for the process in the ordinary appli- 
cations to electron theory, and I simply discuss the 
ease because the complications involved in retaining 
formal adherence to the ideas of force and mass ac- 
celeration give, even in this case, a fairly strong 
threat of the trouble we invite, if we expect to be 
able to throw every equation of motion which we 
encounter into this form. 

To many minds the appeal of some sort of mini- 
mum principle is almost as strong as the more primi- 
tive appeal of forces, kinetic reactions and the like. 
The earliest of these principles is the principle of 
least time, so well known in optics, a principle which 
is, of course, the analytical equivalent of the ordinary 
laws of reflection and refraction. Probably the 
primary cause which has given rise to the desire for 
minimum principles has been a feeling that a prop- 
erly designed universe would naturally be constructed 
so that something should be as small as possible. It 
should not be wasted; and the problem remains to 
discover what it is that is of such value in the uni- 
verse that it should not be wasted in this sense. The 
dignity of the process suffers to some extent when we 
recall that, since the condition that the time integral 
of a certain function of certain variables shall be a 
minimum is a set of differential equations, it is not 
surprising that given any set of differential equations 
describing the motions of bodies we should be able 
to construct an integral for which these equations 
are the conditions that it shall be a minimum. After 
the discovery of such an integral it only remains to 
christen it, and its importance in the science becomes 
established. The minimum principles expressed in 
the Hamiltonian principle and the principle of least 
action are of course merely the analytical equivalents 
of the equations of motion of Lagrange; and, in spite 
of the fact that almost every expounder of a new 
theory tries to put his equations in the form of 4 
minimum principle, it is doubtful whether any greater 
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significance is to be attached to the process than a 
erystallization of the equations in a compact form. 

A characteristic feature of theoretical physics has 
peen the moulding of new theories in the forms of 
those which have gone before, by a judicious christen- 
ing of the quantities concerned. One of the classical 
examples of the process is to be found in Maxwell’s 


| moulding of the laws of electrodynamics into the form 


of the equations of ordinary dynamics. To some, 
this achievement appears as a proof of the electro- 
dynamic laws from dynamical principles; but a care- 
ful perusal of what has been done will show rather 
that it constitutes a discovery of what quantities it 
is necessary to christen kinetic and potential energies, 
and in terms of what coordinates it is necessary to 
talk in order that the application of the dynamical 
principles in the form of the equations of Lagrange, 
or, in later developments, in the form of the Hamil- 
tonian principle, shall lead to the results stated in 
the laws of electrodynamics. 


DEFINITION AND SCAFFOLDING IN PuysicaL THEORY 


The content of a physical theory is frequently 
obscured owing to the fact that certain of the quan- 
tities occurring in it are visualized in one sense, de- 
fined in another and used in yet another. To illus- 
trate my point, let me for a moment remind you of 
the well-known equations of electrodynamics 





1 0E 10H 
~(@u+ 5) = curl H (1)}~— —— =eurlE (3) 
e=div. E (2); O=div.H (4) 





SS fe ce+2=*) ac=0 (5) 


where the triple integral is extended over the whole 
of one electron. Now to one who has pictured the 
moulding of these equations from dynamical prin- 
ciples, it will be recalled that E is visualized as an 
ethereal displacement, while equations (1) and (4) 
really constitute the definition of H. On the basis 
of another form of dynamical development applicable 
to the case where no charges are present, H appears 
as a velocity of the ether, while E appears as the 
curl of an ethereal displacement. On the other hand 
H is frequently defined as the force on a unit pole 
and E the force on a unit charge. On the basis of 
a separate definition of all the quantities concerned, 
each of these equations may be regarded as the ex- 
pression of a law which might or might not be true. 
But how is H, for example, used, in most of the im- 
portant applications of these equations at any rate? 
Certainly not as the force on a magnetic pole. For 
the realization of a magnetie pole involves the con- 
ception of a magnet infinitely thin in the macroscopic 
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sense, but thick enough in the sub-macroscopie sense 
to contain a large number of molecules per unit 
of length, for example. Now when we are talking 
about the magnetic field at a point inside an electron, 
and we do have to talk of this in many problems in 
electrodynamics, how are we to conceive of that 
enormously large magnetic pole, which indeed only 
has existence in the macroscopic sense, as being 
placed in an element of volume of the electron which 
is infinitesimal in the sub-macroscopie sense. The 
point involved is not one of experimental difficulty, 
but of logical absurdity. Yet, if we do not trouble 
ourselves about the matter, the calculations go along 
merrily as though all were well. They do this be- 
cause we really do not use the quantities E and H in 
the sense in which the unit charge and pole defined 
them. If we solve the equations (1) to (4) the solu- 
tions can be put in the well-known form 


10U 


E=-—j ~srade@ (6); H=curl U (7) 


where 


4xcU =f ffi dt 8); ing= ff fra (9) 


and where the square brackets indicate retarded po- 
tentials. The content of the scheme is then contained 
in the statement that the motion of the electron is 


such that 
Sffegee ) dt=0 


where the integral is extended over the electron in 
question, with the understanding that the values of 
E and H are to be caleulated by (6) to (9), by tak- 
ing account of the contribution from all the electric- 
ity, including that in the electron whose motion is 
under investigation. The law really expresses how 
the electrons move in relation to one another. The 
vectors E and H constitute the seaffolding for relat- 
ing the motions of the charges. In practice, as 
already stated, the plan is to separate the integral 
into two parts—one corresponding to the field of all 
the electrons other than the electron under investi- 
gation and another part contributed by that electron 
itself, this latter part being then expressed as a fune- 








8 The restricting relation div U =- aa which is not 


here written down, but which holds between @ and U, 
merely provides for the equation of continuity, in pre- 
venting us from assigning in our problem change mo- 
tions and density changes which might violate that 
equation, an equation which is contained in (1) and (2) 
themselves. If we automatically provide for the equa- 
tion of continuity in stating our problem, the restricting 
relation between m and U need not be stated explicitly. 


430 SCIENCE 


tion of the motion of the electron. In this way, the 
motion of the electron is related to the fields of the 
other electrons. 

To any one who would object to the use of quan- 
tities, or symbols such as E and H in respect to 
which no definition has been given, let me cite the 
following very simple example. Suppose I desire 
to express the equation of a parabola in parametric 
form. I may write 


L=uUs (10) 


1 
y=598 (11) 


and state that the desired curve, which is of course 
x* = (2u?/g)y?, is to be obtained by eliminating s. 
Nobody asks me what s is. If by chance they do, 
I reply that it is merely a parameter which becomes 
eliminated in the final result, and the equations which 
have been written down constitute a definition of a: 
process of calculation rather than a relation between 
magnitudes. If I am pressed for a definition, I shall 
tell my inquisitor to take the first of the equations 
as the definition of s. He will then be happy, but 
will make a calculation no different from mine. His 
morale would probably be improved enormously if I 
permitted him to believe that the curve under discus- 
sion was that of a body with horizontal velocity u, 
falling with acceleration g, for he would then be able 
to regard s as the time, but that would not alter his 
curve. 

In the same way as equations (10) and (11) de- 
fine a process of calculating the relation between 
z and y, so equations (1) to (5) define a process 
of calculating the relation between the motions of 
the various charges of the system. If I am pressed 
for a definition of E and H, I define them by equa- 
tions (1) to (4) or, what is the same thing, by (6) 
and (7). If anybody asks me whether equations (1) 
to (4) are right, I do not know what he means. Of 
course they are right. They constitute the method 
of calculating E and H. Truly, it may turn out 
that the quantities calculated may be of no use; and 
the essence of the whole scheme lies in the fact that 
it states that the motion of an electron may be 
evaluated in terms of the E and H so ealeulated 
from the motions of the other electrons. Any dis- 
agreement of the classical electrodynamics with the 
quantum theory or anything else is to be sought not 
in equations (1) to (4), which are usually regarded 
as most characteristic of it, but in the foree equa- 
tion (5). 


CONSERVATION OF ENERGY IN ELECTRODYNAMICS 


AND IN EXPERIENCE 


Now it is a pure analytical consequence of the cir- 
cuital relations that for any field obeying them, 


(Vou, LXT, No, 15. 
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where the volume integral is extended throughoy 
any volume, and the surface integral over the corr. 
sponding surface. This equation suggests what quan. 
tities it is appropriate to christen energy density 
energy flux and so forth in order that the form of the 
principle of energy may be preserved. If all part; 
of an electron move with the same velocity so that 
the vanishing of 


SSfocee 22% a 


insures also the eat ade: of 


SJfemes 


‘for each electron, then the “Asides of the force equa- 
tion (5) insures that the left-hand side of (12) shall 
be zero, and a christening of ¢(ExH) as flux of 








Bae 


1 
energy per square cm and 3 (E +H?) as energy per 


ec leaves us with the statement that the inward flux 
of energy through a surface is equal to the rate of 


increase of energy within it, which energy in this 
; 1 
case works out approximately as = mv? for all the 


electrons within the surface. If all parts of the elec- 
tron do not move with the same velocity, the left-hand 
side does not vanish, and what remains of it must be 
associated with the other volume integral as a rate of 
increase of the internal energy of the electron in 
order that the language of the conservation of energy 
shall be maintained. Now directly the force equation 
ceases to be true, and it certainly is not true in prob- 
lems dealing with photoelectric effect and the like, all 
this evaporates. It even evaporates partially with the 
force equation holding, in the practical case where 
the velocities of different parts of the electron are 
not the same. This does not mean that any aston- 
ishing violation of the principles of nature is in- 
volved, but simply that, for the cases where the force 


equation does not hold, the quantity (E?+H?’) 


and the Poynting flux ¢ (E+H) are unsuitable quan- 
tities to have been christened as we have christened 
them. When we are speaking of the conservation of 
energy, I think we have to realize that the vital point 
at issue is this. Suppose we have a self-contained 
system in which are to be found a number of elec- 
trons moving with constant, though possibly differ- 


1 : . 
ent velocities, and we measure = =m or, if we like, 


the more elaborate expression 
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corresponding to the theory of relativity. Then sup- 
pose that after these electrons have bombarded the 
various things around, and a steady state in which 
the velocity of each electron is once more constant 
has been attained, we once more measure T for all 
the electrons in the system. In the spirit of its prac- 
F the tical application, all that conservation of energy re- 
arts quires is that the sum shall be the same as before. 
that Now such a condition'is provided for by the most 
radical forms of the quantum theory. When we 
speak of the quantum theory violating the spirit of 
the conservation of energy, our thoughts are apt to 
be concentrated upon the idea of how it may be pos- 
sible for the Poynting vector of electromagnetic 





(12) 
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1 
theory to pump as much Ens mv? into some photo- 


‘et electron as it appears to get. The trouble here is 
hall not with the conservation of energy, but with the 
of picture of how we would like-the process to occur. 


If it turns out that the things which long ago were 





_ christened energy flux and energy density do not 
lux have the properties which energy flux and energy 
of density should have, the trouble is to be found in the 
his christening. 
he 
THe Present Status OF THE CircuITAL RELATIONS 
a If, however, the force equation is wrong, and that 
‘ is the only part of the electromagnetic theory which 
is not scaffolding, what ought to be done with the 
of scaffolding? May it not serve for another structure? 
. It possesses some very desirable features. It is true 
that these features lie in the forms of the equations 
" rather than in any connection which they may have 
rf with electricity. For the valuable features of the 
4 equations are preserved if we should replace Qu,, 
‘i Qu,, Qu, and @ by anything else, as, for example, 
C some set of quantities S,, S,, S,, S,. All that the 
equations will require of this set of quantities is that 
i it shall obey the relation 
. 08, 08, 08, 0S, 
r ee desk este! 
) which, in the electrical case, is the equation of con- 
4 tinuity. The equations will talk as glibly in terms 
d of the quantity S assigned as a function of 2, y, 2, 
f and t as, in electromagnetic theory, it speaks in terms 
t of ou and a. 
1 The valuable feature of the equations is of course 


: contained in those properties which, if we were speak- 

: ing in a language which talked of transference of 
energy through an ether, we should term the proper- 

| ties necessary to produce transverse waves. 

Now suppose that the equations be applied to any 
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problem where interference patterns are obtained, 
such as the problem of a point source and a mirror. 
What certainly is true is that where the equations 
predict a zero value for E nothing ever happens, 
photographic, photoelectric or visual. Where they 
predict a value other than zero, something may hap- 
pen; for example, a photoelectron may be ejected 
from an atom there. The unsatisfactory element in 
the situation lies in the fact that we should have pre- 
ferred to say with certainty that the event will or 
will not occur. The indecision of the statement might 
be converted to certainty by supposing that something 
about the electron or the atom in which it existed 
determined whether it would or would not be ejected. 
This solution seems psychologically repugnant to the 
mind. For one thing it would violate the spirit of 
the conservation of energy, not necessarily, it is 
true, in a practical form in which we discuss it only 
statistically, but in a form which many would like 
to retain. For, according to it, that particular phe- 
nomenon which we speak of as the emission of a 
quantum from a radiating atom and caused possibly 


by the absorption from an electron of ; mv? equal 


to hv might, occasionally, be accompanied by the 
emission of more than one electron from other atoms, 


each with gain of sme? equal to hv, although of 


course in the statistical case which concerned a large 
number of atoms, practical conservation might be 
obtained. 

Not only does the scheme of cireuital relations pre- 
dict where photoelectric and other phenomena will 
certainly not occur and where they may, but the 
probability of occurrence of one of these phenomena 
in unit time in any element of volume as a result of 
the emission of a quantum of radiation from some 
point is, for a given frequency and type of phe- 
nomenon, proportional to the vector which on classical 
electromagnetic theory represents the Poynting flux 
of the primary wave there, although the actual 


smo" gained by a single electron may be equal to the 


time integral over the period of emission of the sur- 
face integral of the Poynting flux over the whole 
surface of a sphere drawn with the source as origin. 

The crude notion of a quantum of energy shot out 
from an atom in the form of a ball or of a wave 
filament provides a satisfying picture as regards an 
interpretation of the inner significance of the proba- 
bility, which otherwise stands as a sort of confession 
of ignorance, and it provides a picture by which the 
mind ean think of the energy as being handed on 
from point to point from source to goal. It does 
this, however, at the expense of enormous complica- 
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tions as regards interference. Moreover, it has other 
difficulties. In its primitive form, the small ball 
notion is inconsistent with interference experiments 
altogether; and as regards the filamentary wave, we 
have the difficulty pointed out by Lorentz that 
Michelson’s experiments on interference over long 
paths show that the quantum must have a consider- 
able length, and his measurements of the diameter 
of stars, in which interference is obtained between 
two portions of a wave front a considerable distance 
apart show that the quantum must have by no means 
a small width, so that altogether it is a pretty big 
thing. Then, the experiments of Wien and Dempster 
on the decay of the light emitted by positive rays 
during their journey along a vacuum tube suggest 
that appreciable emission occurs over a period of the 
- order of 10-* second. Yet nobody doubts that if he 
should shut off half of the path of emission, and use 
the light of the tail end of the pulse (if it is a pulse) 
to produce a photoelectric effect, he would get the 
full velocity of electronic emission predicted by the 
Einstein formula. 

How then do we stand in this matter? One thing 
is certain. If we believe that the equations of classi- 
eal electrodynamics mark out the space in such a way 
that where they predict darkness, nothing ever hap- 
pens, any quanta emitted from the source must fol- 
low paths such that they never cross a region where 
darkness is predicted by the classical theory. In 
other words, the quanta must follow the paths of 
that vector which in classical theory was called the 
Poynting flux, and which even with the abandonment 
of its meaning as a flux of energy still has a definable 
direction and magnitude. A full appreciation of the 
artificiality of the belief that all things when left to 
themselves should travel in straight lines with con- 
stant velocities will leave one who is sufficiently 
sophisticated with no difficulty as to the logical pos- 
sibility of the quanta traveling along paths which 
are not straight. To make a long story short it 
would appear that the following picture would pro- 
vide a satisfactory correlation of most of the phe- 
nomena in terms which should be agreeable to one 
who wishes to retain the idea of a special handing 
on of energy from source to goal. 


A PossisLte CorrRELATION or CLassicaL THEORY 
WITH QuantTuM EmIssION 


We recall that the quantum theory speaks in terms 
of the existence of certain stationary states of elec- 
tronic motion in the atom, in which no energy is 
emitted, the emission of energy occurring only dur- 
ing the transition from one state to another. Now 
even in the stationary states there is no question of 
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the existence of a field at external points in spaq 
This is there as a matter of definition even thoygy 
the field should not do anything. We are under ,, 
compulsion to imagine that the field is associate 
with the radiation of energy in the sense that th 
electron should have to alter its orbit. I am yy 
particularly concerned with the question of whethe 
this field is allowed to do anything or not. Perhaps 
there is something to be said on the side of gop. 
sistency for allowing it to do something, so that the 
atomic orbits may influence each other, and provide 
for example, for such a phenomenon as the mag. 
netization of one substance by the presence of ap. 
other, an effect ultimately attributable to interactions 
between the orbits in the stationary states. Any 
actions of this kind which we imagine to take place 
will have to be founded on equations of motion which 
give rise to no trouble. Thus, for example, the 
equation of motion 
uxH, d mu 
e(E+ : ) = BE at 
c? 
for an electron, where E and H refer to the external 
field, is an equation consistent with restricted relatiy- 
ity and one which would permit the existence of the 
permanent orbital motion of an electron about a 
nucleus without diminution of amplitude, since the 
terms involving higher time derivatives which occur 
in the complete equations of classical dynamics but 
which have never been observed experimentally are 
absent. Interactions between different orbits may 
take place and will give rise to no trouble of a fun- 
damental nature, except perhaps in cases of com- 
plete resonance. The acquirement of energy by free 
electrons as a result of the fields due to the orbital 
motions presents some difficulties in the matter of 
realization of a steady state. However, I do not 
intend to concern myself greatly with these difficul- 
ties. If they become too acute, the avenue of escape 
lies through denial of any influence between the 
electrons during their steady state motion, and the 
main thing which I desire to imply is that the course 
of events in the picture we have sketehed is one of 
which we would have but little direct experimental 
knowledge. Hardly any of the phenomena with 
which our experiments deal would be realized. No 
electrons would be ejected from an atom so as to 
give rise to photoelectric effect, no photographic 
action would take place, and the eye, which operates, 
presumably, through photoelectric agency, would be 
unconscious of what was happening. 
Now suppose that, owing to some agency, for ¢x- 
ample, the advent of a high speed electron from some- 
where an electron transition from one orbit to a1- 
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other oceurs in an atom, and suppose that somehow 
or other unifrequentic radiation is emitted during this 
process of transition. I should perhaps not use the 
' sords radiation of energy, for all I mean is that the 
feld changes produced outside the atom are those 
corresponding to an electron moving with simple har- 
monic motion. We shall suppose that this field is 
calculable from strict classical theory; but, in cal- 
alating its effect on other atoms, we shall suppose 
the electrons there replaced by virtual linear oscil- 
lators in the sense prescribed by Bohr, Kramers and 
Slater.* The use of these virtual oscillators must, 
of course, be regarded as a temporary expedient de- 
signed to enable us to proceed in our speculations 
without awaiting a complete solution of the story 
of how the atoms influence each other. Through the 
agency of these virtual oscillators, as Bohr, Kramers 
and Slater show, all the phenomena of classical theory, 
such as reflection, refraction and polarization, take 
place. The virtual oscillators of the reflecting mir- 
ror produce waves which conspire with the waves 
originating in the primary transition in such a way 
as to produce reflection. If there be polarizing media 
present, the electronic motions set up in these are 
such as to cooperate with the primary field, again in 
true classical manner. The peculiar thing about the 
whole situation is that we should be all unconscious 
of it. For none of these phenomena are associated 
with things we observe. It is not necessary for us 
to regard these fields as carrying energy and there- 
fore invite trouble in the matter of accounting for 
it But now suppose that during the transition 
something else happens. Let us suppose that a quan- 
tum, in the form of a ball if we like, is emitted from 
the electron, and let us suppose that its probability 
of emission in a fixed element of time, at any instant, 
and from any element of surface, is proportional to 
the magnitude, at that time and place, of the vector, 
which in classical theory would be the Poynting vee- 
tor associated with the irreversible radiation field of 
the virtual oscillator,® the magnitude of the quantum 


*The quantum theory of radiation, Phil. Mag., 8-6, 
Vol. 47, pp. 785-802, 1924. 

5 It may be a comfort to some to regard the field origi- 
nating in the transition and operating on the virtual 
oscillators as consisting of vectors of a kind different 
from those to which the electrons give rise during their 
motions in their stationary states, although we may sup- 
pose them to obey the same laws in relation to their 
determination in terms of the singularities which pro- 
duce them. One may even go so far as to postulate, as 
operating to produce the field associated with the transi- 
tion, a singularity other than the electron, which singu- 
larity moreover performs the function of the moving 
element in the virtual oscillator. Its binding to the 
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being, of course, hv. The factor of proportionality 
in the expression for the probability is of course such 
that the probability that quantum is emitted some- 
where at some time during the transition is unity. 
Let us suppose that the quantum then follows the 
path of the Poynting vector® emanating from its 
point of emission, this Poynting vector being con- 
structed from the resultant field composed of the 
radiation field associated with the initial transition 
and all the secondary fields to which it gives rise 
through its action on the virtual oscillators in the 
other atoms which are influenced by it. If, follow- 
ing the line of a particular Poyntimg vector, the 
quantum comes into the vicinity of one of the elec- 
trons of a virtual oscillator, we expect that it may 
be caught by the electron in such a way as to enable 
it to induce a transition there if its energy is greater 
than that necessary for the transition. The effects 
of this transition, at least in the limiting case of 
ionization, are the things physically observable as 
photographic, photoelectric or visual effects. 

As regards their practical aspects, all interference 
phenomana follow as in the classical theory, except 
that there is no interference of quanta. At the 
places where the classical theory indicates darkness 
there is darkness on the present view because no 
quanta succeed in getting there. Polarization phe- 
nomena do not invoke any polarization in the quanta 
themselves, but are provided for by the polarization 
of the vectors E and H as caleulated by the classical 
process. All that is concerned in the question of 
whether or not quanta shall enter any region of 
space is the question of whether or not there is any 
path leading there from the place of the original 
transition by way of a finite Poynting vector. 

An experiment such as that of Wien on the deeay 





ordinary electron which makes the transition exists sim- 
ply in its acting as a sort of trustee for the quantum 
which it receives from the electron and disposes of ac- 
cording to its own judgment as specified in the law of 
probability here stated. It may be that we shall have 
to look to the nucleus for the seat of the virtual oscil- 
lator. 

6 Since this was written, there has come to my atten- 
tion a paper by Louis de Broglie, Phil. Mag., S. 6, Vol. 
47, pp. 446-458, 1924. In this paper the author presents 
the idea of light quanta following the paths of the 
‘‘rays’’ of optics, an idea related in some degree to the 
above. The details of the theory are, however, quite 
different from that here sketched. I must also mention 
that during the meeting at which the above address was 
presented, I learned in conversation with Dr. Slater that, 
in work as yet unpublished, he had given some attention 
to the matter of light quanta following the Poynting 
vector. 
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of intensity along the paths of the positive rays re- 
ceives a natural explanation from the fact that dur- 
ing the emission of the unifrequentic radiation the 
amplitude of the vibrations and the magnitude of 
the Poynting vector diminishes, so that in regions 
of the beam far from the point of excitation the ob- 
served intensity is small because the Poynting vector 
is small there, and the probability of emission of the 
quantum at those places is small compared with its 
probability of emission at an earlier stage. The 
quantum, for a given frequency, is the same thing 
wherever it is emitted, however, so that its property 
of ejecting electrons with the true Einstein frequency 
does not depend upon the point of emission along 
the beam, and of course only one quantum is emitted 
for each transition. It is of interest to observe that 
the Wien experiment points to a real damping of 
the unifrequentic oscillation of the virtual oscillator. 
The picture here presented permits us to indulge 
in a rather closer speculation as to the mechanism of 
the processes involved. For, if, in free. space, we 
travel with the energy along a tube whose walls are 
composed of the Poynting vector, and measure the 
area of cross-section of the tube as we go along, the 
product of the area and the Poynting vector will be 
constant, so that the probability that a quantum 
emitted with and following the Poynting flux shall 
pass within any given area perpendicular to the flux, 
in any given time, is proportional to the quantity 
which on classical electromagnetie theory would rep- 
resent the energy which has passed through that 
area in that time. Now, what happens when absorb- 
ing atoms are present in the field? Suppose we 
imagine such an atom replaced by a virtual oscillator 
and consider the vibrating electron acting as one con- 
stituent of the oscillator. The motion of this electron 
under the influence of the field will of course bring 
about such a resultant orientation of the Poynting 
vector about itself as to cause “energy’” (in the classi- 
cal sense) to feed into its vicinity.* The greater the 
absorption of energy in the classical sense, the greater 
the probability that the quantum emanating from 


7 We use the term ‘‘classical energy’’ for want of 
better words to denote the integral of 1/2(E2?+H2) 
over the region concerned, although, as already implied, 
we are not regarding this as in any way the equivalent 
of the energy transferred by the quantum. In fact we 
are not regarding it as energy at all. 

® Since this address was delivered my attention has 
been called to a paper by Richard Becker, ZS. f. Phys., 
27, 3, p. 173, 1924, in which the probability of a transi- 
tion is made to depend upon the surface integral of the 
Poynting flux taken all over a sphere surrounding the 
atom. The author does not appear to use the idea in 
connection with quanta following the Poynting vector, 
however. 
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the original center of disturbance shall be directa 
towards the absorbing atom in such a way as to Drv. 
duce a transition. In the case of resonance of th, 
virtual oscillator, the probability that the particula; 
atom would receive the quantum would be enhanced, 
since resonance enhances the flux of the Poynting 
vector into the region occupied by the oscillator. 

A complete theory following the lines above jnqj. 
cated would involve specification of the condition; 
which determine the capture of a quantum by th 
atom. One is immediately tempted to set up a corr. 
lation between the absorption of energy by the ogc. 
lator in the classical sense (the fizzling out of the 
Poynting vector in the regions around the oscillator), 
and the capture of the quantum. Detailed discussion 
of this matter is impossible without going into great 
length. However, it would appear that reasonable 
assumptions, designed to maintain the principle that 
the probability of the passage of a quantum through 
a given element of area shall be represented by the 
ratio of the time integral of the total Poynting flux 
across that area to the time integral of the total 
Poynting flux from the original center of disturbance, 
would also provide for the conclusion that the proba- 
bility that a quantum of suitable energy would pro- 
duce a transition in any given atom is equal to the 
ratio of the “classical energy” which that atom 
would absorb from the wave train emitted from the 
center of disturbance to the total “classical energy” 
of that wave train. Such a law would appear to be 
in harmony with experience. 

One may demur against our refusal to regard the 
Poynting vector itself as a true flux of energy, on 
the basis that the parts of the virtual oscillator are 
actually set in motion in such a way as to relate 


their energy (in the — mv? sense) to what on classi- 


eal theory would be the energy flux represented by 
the Poynting vector. The objection is to be met by 
the statement that this motion disappears as the 
oscillation of the virtual oscillator dies down. It 
never becomes apparent to us, and does not figure in 
a scheme which regards the only experimentally 
recognizable phenomena as those resulting from ejec- 
tion of electrons from their orbits, or more generally 
the acquirement of energy by electrons in quanta. 
An interesting situation arises when the quantum, 
following the path of the Poynting vector, gets 
caught in the vicinity of an atom and finds itself 
without enough energy to produce a transition, oF 
when it gets caught in the vicinity of a free electron. 
We must suppose that, in the former ease, it becomes 
seattered, unaltered, while in the latter case it gives 
rise to the Compton effect. A characteristic feature 


of the Compton effect is the emission of different 
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frequencies in different directions. The situation in 
this connection has been discussed by Bohr, Kramers 
and Slater,? who, in representing the action of the 
free electron, invoke a moving linear oscillator whose 
Doppler effect gives rise to the different frequencies, 
‘n different directions, and who, in representing seat- 
tering by an atom, invoke (presumably) a linear 
oscillator emitting a frequency corresponding to the 
primary quantum and modified now to a negligible 
+ extent by the Doppler effect. Leaving the justifica- 
tion of these assumptions to the arguments presented 











meg for them in the paper referred to, we may incorpor- 

the ate the result in a theory of quanta of the type here 
or), sketched, for the purpose of correlating the phe- 
sion nomena of the Compton effect and atomic scattering, 
reat by supposing that the energy of the original quantum, 
able having been received ‘by the system, becomes avail- 
hat able for total or partial reemission in varied amounts, 
ugh the probability of emission of a quantum from the 
the virtual oscillator at any point of the surface of its 
lux oscillating electron in unit time being proportional to 
tal the magnitude of the Poynting vector corresponding 
ee, to the irreversible radiation emitted from that point, 
'a- and the magnitude of the quantum emitted being 
" determined by the frequency of the wave emission 
he from that point, the subsequent history of the quan- 
" tum after emission being determined in its relation to 
he gratings, prisms, ete., upon which it may fall by the 
” same sort of considerations as those which determine 
* the history of the primary quantum. 


It is then necessary to endow the quanta with the 
characteristics of momentum in such a way that the 
energy and direction of emission of the electron asso- 
ciated with the seattering follows as in Compton’s 
calculations. The feature which a view of this kind 
adds to the more primitive theory is first, in harmony 
: with the view of Bohr, Kramers and Slater, its con- 
sistency with the undulatory phenomena required by 
the properties of the scattered radiation in relation 
to its analysis by a grating, and second, its formal 
attempt to assign definite probabilities to the scatter- 
ing of quanta of different magnitudes, and in differ- 
ent directions, these probabilities being calculable in 
terms of the magnitudes of the Poynting vector at 
the appropriate point of emission in the sense out- 
lined above. 

Apart from its power to provide a visual picture 
of the passage of energy from one place to another, 
its power to give through the law determined by the 
Poynting vector a physical interpretation of the 
probability of a transition induced by the quantum, 
and a numerical magnitude to that probability, the 
concept of a quantum operating according to the 


~ call se EE = as 





9 Loc. cit, 
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laws above described provides the feature of an in- 
stantaneous emission of the energy, in spite of the 
association of that emission with a wave emission 
extending over a finite time. Such a feature as the 
last named seems essential to a satisfactory explana- 
tion of the fact that, in such a phenomenon as that 
of the Wien experiment above cited, the “light” 
emanating from any part of the track of the posi- 
tive ray, no matter how small, possesses the power 
to produce the full Einstein photoelectric velocity in 
any electron which it ejects from an atom in its path. 

Finally, it may again be emphasized that if we de- 
cide to talk in terms of quanta at all, and accept as 
an experimental fact that no quantum ever crosses 
a region where the classical theory predicts darkness, 
in other words, if we accept the classical theory as 
an empirical description of interference phenomena 
and the like, we practically constrain the quanta to 
follow the paths of the Poynting vector in the sense 
outlined above. 

W. F. G. Swann 


YALE UNIVERSITY 
(To be concluded) 





THE BIOLOGICAL SURVEY OF THE 
MOUNT DESERT ISLAND 
(MAINE) REGION? 


THIS survey was undertaken in the season of 1923 
at the suggestion of Mr. William Procter, a member 
of the board of trustees of the laboratory. The object 
of the survey is to gain a knowledge of the flora and 
fauna of the region, principally the marine forms, 
which will be of use to the scientific research workers 
who contemplate coming to work at the laboratory, 
as well as to present a picture of the ecology of the 
forms, the numbers as to kinds and individuals, their 
distribution with regard to season of year and over 
periods of years, kinds of water and bottoms that 
they live in, temperature conditions that influence 
them, their feeding habits, mating habits and seasons, 
habits of offense and defense and other ecological 
relationships. 

The work may be divided into two more or less 
distinct parts: First, a series of intensive surveys 
by individual workers of restricted areas, and sec- 
ond, a more general and comprehensive treatment 
of the whole area which will take a much longer 
period of time but from which interesting results 
have already become apparent. 

In the first part the following papers have already 
been published or are in course of preparation: 


1 By the members of the staff of the Mount Desert 
Island Biological Laboratory and Associated Naturalists. 
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The zonation of vegetation on a rocky coast: Dun- 
cAN S. JOHNSON aND ALEXANDER F. SkuTcu. 

Symbiosis between a green algae and an amphipod: 
ALEXANDER F. SkurTcuH. 

A botanical survey of North-East Creek, Mt. Desert 
Island: Paut AcQUARONE. 

The zoological grouping of forms on the sea-bot- 
tom on Cod-Ledge off Mount Desert Island: Roy 
Miner. To be reconstructed in models as a group 
in the American Museum of Natural History, N. Y. 

The rotifers of Mount Desert Island: Franx J. 
Myers anp H. K. Harring. To be published in the 
Trans. Wis. Acad. of Science. 

The primitive luminous organisms of Maine: 
Unric Danueren. The Maine Naturalist, Vol. IV, 
Nr. 1, 1924. 

The fireflies of Maine: Uric DanuGRen. 
Maine Naturalist, Vol. II, Nos. 3 and 4, 1922. 

The larval distributive habits of some Pelecypod 
mollusks of the waters surrounding Mount Desert 
Island: THURLOW NELSON. 

The insect fauna of Mount Desert Island: Cuas. 
W. JoHNsON. 

In the general work some 50 collecting trips have 
resulted in the recording of about 250 forms of 
marine animals on form cards, with notes as to their 
location, abundance, breeding, food, enemies, para- 
sites, migrations, ete. This work has been pursued 
mostly in the neighborhoods nearest the laboratory 
and a lesser part in the deeper water south of Otter 
Creek and around Egg-Rock. Some of the more 
interesting facts that have emerged, for further study 
as to causes, are as follows: 

Yearly variation in the abundance of Aurelia 
aurita. This jellyfish was very abundant in French- 
man’s Bay in 1921. In 1922 it disappeared to such 
an extent that but two specimens were seen at South- 
west Harbor. In 1923 some few specimens were 
noted and recorded in the bay. In 1924 it appeared 
in moderate abundance. It is evidently coming back 
to its normal abundance and it seems very probable 
that in 1925 it will be found in large numbers again. 
The cause of this variation is unknown, but a pos- 
sible solution of the question is that the heavy ice 
may mechanically kill the attached hydroid stages 
or hyphae. Year by year this question will be studied 
in search of an explanation. 

In the same way in 1921 and 1922 the tubularian 
hydroids, especially Tubularia crocea, were very 
abundant, covering the spiles of docks with huge 
masses. In 1922 the nudibranch mollusk Dendro- 


The 


notus frondosa, which was only moderately abundant 
in 1921 and which lives principally on tubularian 
hydroids, had become extremely numerous and was 
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found all over the hydroids and crawling every wher, 
By 1923 the hydroids were so scarce that a few Speci 
mens were found with difficulty and in that Summep 
Dendronotus had also declined in numbers, [pn 194 
but six small specimens of Dendronotus were foun 
The relationship here was that of food supply and 
suppression of the hydroids by overeating by Dendry, 
notus, followed by suppression of Dendronotys by 
starvation in the absence of the hydroids. 

The question of yearly temperature relationship 
was well exemplified by the localization of the pelagiy 
shrimp Nyctiphanes norvegica. In 1921-1922 thi, 
shrimp was rarely seen in the bay, although know 
to be a common inhabitant of the cold outside water, 
where it lives in great schools near the bottom. 

The winter of 1922-1923 was very cold and the 
spring very late so that in June, 1923, the waters of 
Frenchman’s Bay were far below the normal in ten. 
perature. This resulted in the invasion of the bay 
by myriads of Nyctiphanes which swarmed on the 
surface at night and swam in the mid-depths of the 
lower bay around Bald-Rock in the daytime. This 
was repeated in the summer of 1924 after a cold 
late spring. 

An interesting and undescribed breeding habit of 
a marine annelid worm has been observed and re. 
corded for several years and further study is nece- 
sary. This form is a tube builder living in moder. 
ately deep water near the entrance of the bay. It 
breeds several times each summer, these periods 
being about a month apart and thus showing the 
periodicity that is so characteristic of the Palolo 
worm, Odontosyllis, Nereis and many other marine 
annelids. On the day when it breeds the red eggs 
are cast in untold numbers into the bottom waters 
and during a rapid development rise to the surface 
at about the middle of the day. The water becomes 
blood red and as the day lengthens, toward evening, 
the active little trochophore larvae suddenly become 
negatively heliotropie and move toward the bottom, 
leaving the water of natural color again. 

The breeding, seasonal succession and migrations 
of several of our important food fishes have been 
observed but not as yet seriously studied. This in- 
portant feature must wait until the laboratory can 
secure a better boat than it now owns. 

Numbers of interesting animal associations have 
been recorded and lists made, and the work increases 
in value year by year. The papers written are pub- 
lished in various journals until the laboratory is able 
to publish its own work. 

Unric DAHLGREN 

PRINCETON UNIVERSITY 
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CHARLES ANTHONY GOESSMANN? 
CHARLES ANTHONY GoOESSMANN was born in the 


Where, 
‘SPeci. 









mmmer village of Naumburg, Electorate of Hesse-Cassel— 
-_ not then absorbed by Prussia—on the thirteenth of 
found, June, 1827, and died at Amherst on the first of Sep- 
Y and tember, 1910, in his eighty-fourth year. Fourteen 





years have passed since then; yet his memory is still 
green in the hearts of his pupils. Admired and re- 
spected, he was also beloved. At Gdttingen, Syra- 





us by 





ship case, Troy and Amherst he was always the “Beloved 
elagie Goessmann.” No teacher could be dearer to his stu- 
? this HME dents than he. Preoceupied as he was in meeting the 
nown demands of his own department and private work, he 
ater, was ever ready to help others. Now and again his 

colleagues turned to him for counsel. And so we find 
1 the Clark, Peabody, Stockbridge, Maynard and even 


Ts of Totten, in his important researches on compensating 
tem. powder and other high explosive compounds, seeking 


bay his aid and advice in their own investigations. 
1 the He was a teacher in a wide sense. He not only 
f the taught his pupils in the class-room and laboratory 
This and trained his assistants, but he made the college the 
cold nursery of agricultural chemists for other institutions 
throughout the land. By his lectures and talks, his 
it of reports and bulletins, he taught and educated the pub- 
| re lic. In the lecture-room and laboratory he was pains- 
ioe, taking and inspired his students to grasp the prob- 
den. lems he set before them. As an experimenter he had 


It readiness and skill and could attain important results 
lode with the minimum possible means. No one who came 
the in contact with him could fail to be struck with the 
accuracy and extent of his knowledge and the clear- 


oi ness of his intellectual vision. 
ers At Gottingen he devoted himself to the discovery 
tors ME «OF Hew truths. After he came to America the utility 
ol of science, especially in his chosen field, was always 
ae uppermost in his mind. He was always tracing ab- 
ng, stract principles to their practical applications and 
“a thus bringing scientific knowledge within reach of the 
=, farmer and the general public. Quick to read the 
signs of the times, he had a clear comprehension of 
a. the actual conditions and the needs of chemical edu- 
‘a cation in this country. 
4 Admirably fitted by tradition, training, experience 
a and temperament for the life of a teacher and inves- 
gator, he brought to the service of the college a sin- 
” gularly happy combination of qualities—genuine 
4 devotion to his subject, great capacity for work, the 
b- power to kindle enthusiasm in others, a well-balanced 


mind and body and a robust physique. In the retro- 
spect of his life one is struck with the amount of 
labor which he performed. Always at work, never in 

1From an address delivered at the opening of the 


Goessmann Laboratory, Massachusetts Agricultural Col- 
lege, Amherst, October 3, 1924. 


dle 
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haste, systematic beyond most men, perfect order per- 
vaded all that he did. His researches embrace a wide 
range in chemical science, and in analytical, technical 
and agricultural chemistry are marked by high attain- 
ment. He was not a writer of books, yet his pen was 
seldom idle. His first contribution to chemical science 
appeared in 1853, and thereafter an uninterrupted 
series of contributions to chemistry flowed from his 
pen for fifty-four years. They remain an enduring 
monument io their author. 

Deeply religious from his youth, his was the spirit 
of a reverent seeker after truth, and his life was 
devoted to its exposition. He was a fine example of 
the Christian philosopher. 


FREDERICK TUCKERMAN 
AMHERST, MASSACHUSETTS 





SCIENTIFIC EVENTS 


THE INTERNATIONAL GEOGRAPHICAL 
CONGRESS 


Tue International Geographical Congress met in 
Cairo from April 1 to April 12, under the auspices 
of the International Geographical Union, formed in 
Brussels in July, 1922. 

An advanced notice published in the London Times 
states that before the war international congresses 
of this nature were held in different countries at more 
or less regular intervals, the last being the tenth con- 
gress, held at Rome. But, by decision of the Inter- 
national Research Council, which was formed shortly 
after the end of the war, the constitution of the old 
congress was abrogated, and the duty of organizing 
all future congresses was vested in the International 
Geographical Union in affiliation with the council. 

The congress in Cairo is the first of the post-war 
series, and it coincides with the celebration of the 
jubilee of the foundation in 1875 of the Royal Geo- 
graphical Society of Egypt by the Khedive Ismail. 
At that date Africa was still, in large part, a dark 
continent, though it was in 1875 that H. M. Stanley 
began the great journey during which he discovered 
the course of the River Congo. Ismail Pasha’s idea 
was that as Cairo was the converging point both on 
their outward and their homeward route of various 
explorers, who were, with marked success, engaged 
in piercing the veil which for so many centuries had 
enshrouded the heart of this vast continent, so in 
Cairo there ought to be an organization which could 
lend material assistance and encouragement to this 
work and be a channel of information to the outside 
world. Accordingly, he granted a decree on May 19, 
1875, for the creation of a society the essential ob- 
jective of which was to facilitate the collection of 
knowledge and the exploration of the African coun- 
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tries, and particularly of the portions so far unex- 
plored. 

The society was financed by Ismail Pasha, who 
gave it a very fine library, which still exists. Its 
first president was the celebrated traveler Dr. 
Schweinfurth, whose advanced age (he is in his 
eighty-ninth year) prevents him from attending the 
jubilee of this organization, which in its early years 
he so helped to develop; while among those who have 
given before the society the earliest accounts of their 
discoveries, and whose reports are treasured in its 
archives, have been Stanley, Schweinfurth, Burton, 
Nordenskjold, Junker, Gessi, Mason, Stone and 
Chaillé-Long. 

King Fuad has always displayed the liveliest in- 
terest in the welfare of the institution founded by 
his father, and it is due to his initiative and to his 
desire fittingly to celebrate the jubilee of the Egyp- 
tian Society that the International Geographical 
Union agreed to select Cairo as the seat for this 
year’s congress. The congress is under the patronage 
of King Fuad, who will officially open it. Its organi- 
zation has been in the hands of the Royal Geograph- 
ical Society of Egypt, whose president is M. Georges 
Foucart, Director of the “Institut Frangais d’ Archéol- 
ogie Orientale.” 


THE INTERNATIONAL CONGRESS OF 
PHOTOGRAPHY 


Arrer a lapse of fifteen years an International 
Congress of Photography is to be held this year from 
June 29 to July 4 in Paris. The last congress was 
held in Brussels in 1910, where a very successful meet- 
ing was held attended largely by representatives from 
all nations. 

The congress will be divided into four sections: (1) 
Scientific; (2) Technical and artistic; (3) Historical 
and documentary; (4) Technique of cinematography 
(in connection with the Congress of Cinematography). 
A historical exhibition of photography and a cen- 
tenary celebration of the beginning of photography 
will be held during the congress. 

At the request of the International Committee of 
the Congress, an Organizing Committee in the United 
States has been formed, the members being: Mr. F. F. 
Renwick, Dr. W. D. Bancroft, Mr. W. H. Manahan, 
Mr. E. J. Wall, Dr. H. E. Ives, Professor R. W. 
Wood and Dr. C. E. K. Mees, chairman. A list of 
American patrons has also been drawn up. 

The congress is especially anxious to obtain papers 


relating to the branches of photography with which it” 


deals from workers in the United States. Offers of 
such papers can be communicated to me, and I will 
forward them to the secretary of the congress or they 
ean be sent direct to M. G. Labussiere, 5 rue Brown- 
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Sequard, Paris, XV. The secretary is anxioys to 
know at once what contributions will be AVailable 
though it is not necessary that the whole paper should 
be sent to him. The title and a brief abstract should, 
however, be forwarded at once. 


C. E. K. Merz 
EASTMAN Kopak COMPANY, 


ROcHESTER, N. Y. 


THE COUNCIL MEETING OF THE AMEp. 
ICAN CHEMICAL SOCIETY 


A MEETING of the council opened the sixty-nint) 
convention of the American Chemical Society at Bal. 
timore, on Monday afternoon, April 6. One hundred 
and fourteen councilors and substitutes were present 
when President James F, Norris called the meeting to 
order and expressed his appreciation of the honor 
which had been conferred upon him since the last 
meeting. 

It was voted to hold the spring meetings of 1926 
and 1927, respectively, in Tulsa, Okla., and Richmond, 
Va. Philadelphia having been selected as the meeting 


place for the fiftieth anniversary convention in the | 


autumn of 1926, it was suggested by Secretary Par- 
sons that advantage might be taken of the sesqui- 
centennial exposition in that city to properly portray 
the great advances in chemistry during the past half 
century in an exposition building devoted exclusively 
to chemistry. In this connection the court of chemical 
achievement to be organized in connection with the 
Chemical Exposition in New York this fall was cited 
as a good nucleus upon which to expand. The details 
of this proposed court of achievement were outlined 
briefly by H. E. Howe, the originator of the idea. 
Dr. McKee suggested that suitable honors be conferred 
upon the founder and charter members of the society 
living at the time of the fiftieth anniversary and that 
they be the guests of the society upon that occasion. 
Following the general discussion of plans for the fif- 
tieth anniversary meeting, the council authorized the 
president of the society to appoint such special com- 
mittees as may be necessary to prepare for the cele- 
bration. 

Conviction that the society must not fail in the pub- 
lication of a second Decennial Index to Chemical Ab- 
stracts characterized the diseussion of this subject 
which was presented to the eouncil by Seeretary Par- 
sons and Editor Crane. The problem is to finance 4 
publication which is estimated to require six volumes 
for completion and will eost in the neighborhood of 
$90,000. 

Reports from the various committees of the society 
were received and will be printed later. 

Among the other matters of business disposed of 
were the granting of divisional organization to the 
Section of Gas and Fuel Chemistry and the acceptance 
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of the by-laws proposed for the new division; grant- 
ing of a charter for the formation of a North Jersey 
Section of the society; reference of the proposed 
amendment to article 8 of the constitution of the so- 
ciety, making it possible to omit a general meeting 
when deemed advisable, to the membership; authoriz- 
ing publication of the proceedings of local sections of 
the society in the News Edition in place of the Jour- 
nal of the American Chemical Society, where they are 
now published; authorizing the elimination of ad- 
dresses of new members of the society when their 
names are published and referring to their location 
according to the local section with which they are 


affiliated. 


THE WASHINGTON MEETING OF THE 
AMERICAN PHYSICAL SOCIETY 


Tue one hundred and thirty-third regular meeting 
of the American Physical Society will be held in 
Washington, D. C., at the Bureau of Standards on 
Friday and Saturday, April 24 and 25. The first 
session will be at 10 o’clock on Friday morning. This 
session and the Saturday afternoon session will be 
held in the lecture room of the East Building. On 
Friday afternoon and Saturday morning there will be 
sessions in both the lecture room of the East Build- 
ing and the lecture room of the Industrial Building. 

Titles and abstracts of the papers to be presented 
are published in advance in the Bulletin of the 
society. These abstracts have not been corrected by 
the authors. After correction, they will be published 
in an early number of the Physical Review. There 
are 71 papers on the program of the Washington 
meeting. 

On Friday evening there will be a dinner for 
members of the society and their friends at the 
Raleigh Hotel at 6:30 P. M. The price per person 
will be $2.50. 

The one hundred and thirty-fourth regular meeting 
of the society will be held in Portland, Oregon, on 
June 19, 1925, in affiliation with the Pacifie division 
of the American Association for the Advancement of 
Science. Members intending to present papers at 
this meeting should have titles and abstracts ready 
for publication, in the hands of the local secretary 
for the Pacifie Coast, D. L. Webster, Stanford Uni- 
versity, California, not later than Saturday, May 16. 
Other meetings for the current seasons are as follows: 

135. November 27-28, 1925. Chicago. 


136. December 28-31, 1925, Kansas City. Annual 
meeting. 


OFFICERS OF THE Society ror 1925 


President: Dayton C. Miller, Case School of Applied 
Science, 
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Vice-president: K. T. Compton, Princeton University. 
Secretary: H. W. Webb, Columbia University. 
Treasurer: G. B, Pegram, Columbia University. 
Editor: G. 8. Fuleher, Corning, New York 

Pacific Coast Secretary: D. L. Webster, Stanford Uni- 
versity. 

Council: The president, vice-president, secretary, treas- 
urer and managing editor; Past Presidents: A. A. Michel- 
son, Carl Barus, E. L. Nichols, Henry Crew, W. F. Magie, 
Ernest Merritt, R. A. Millikan, J. 8S. Ames, Theodore 
Lyman, C. E. Mendenhall; Elected Members: H. G. Gale, 
D. L. Webster, F. C. Brown, A. L. Hughes, A. 8. Eve, 
A. W. Hull, F. C. Blake and W. F. G. Swann. 


THE WISTAR INSTITUTE OF ANATOMY 
AND BIOLOGY 


THE twentieth anniversary of the organization of 
the advisory board of the Wistar Institute of Anat- 
omy and Biology was celebrated at the buildings of 
the institute in Philadelphia on April 13. At a morn- 
ing session Mr. Effingham B. Morris, president of the 
institute, presided and the following program was 
presented : 


The Wistar Institute and its advisory board: Dr. M. J. 
GREENMAN, director of The Wistar Institute. 

Research at The Wistar Institute: Dr. H. H. DoNAtp- 
SON, professor of neurology at The Wistar Institute. 

The publications of The Wistar Institute: Dr. G. Carb 
HvuBER, professor of anatomy and director of the Ana- 
tomical Institute at the University of Michigan, and Dr. 
M. J. GREENMAN. 

Changes im methods of biological research as pursued 
by musewms and the possibilities of the future: Dr. C. E. 
McC.ung, professor of zoology and director of the zoolog- 
ical laboratory at the University of Pennsylvania. 

The relation to medicine of institutes of anatomical 
research: Dr. LEWELLYS F. BARKER, professor emeritus 
of medicine at the Johns Hopkins University. 


Luncheon was served at the institute followed by an 
inspection of the museum and laboratories. In the 
evening there was a dinner at the Hotel Bellevue- 
Stratford, at which addresses were made by Professor 
Charles R. Stockard, of the Cornell Medical School, 
representing the Society of American Anatomists, and 
Professor Maynard M. Metcalf, chairman of the Divi- 
sion of Biology and Agriculture of the National Re- 
search Council, representing the American Society of 
Zoologists. 





SCIENTIFIC NOTES AND NEWS 


Tue hundredth anniversary of the birth of Thomas 
Henry Huxley occurs on May 4. Huxley was born 
at Ealing and died at Eastbourne on June 29, 1895. 

M. Pavut Parnuevé, the mathematician, who suc- 
ceeds M. Herriot as premier in France, holds the pro- 
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fessorship of celestial mechanics in the University 
of Paris. 


Dr. Ira REMSEN, emeritus president and professor 
of chemistry in the Johns Hopkins University, has 
been made an honorary member of the American 
Chemical Society. 


Dr. Leo Loren, Edward Mallinckrodt professor 
of pathology at Washington University Medical 
School, has been elected a foreign member of the 
Deutsche Zentral Komitee zur Erforschung und 
Bekimpfung der Krebskrankheit of Berlin. 


Dr. Lovutse Prearce, associate member of the Rocke- 
feller Institute for Medical Research, has been elected 
a fellow of the Royal Society of Tropical Medicine 
and Hygiene. 


A DINNER was given in the honor of Professor 
Arthur H. Compton, of the University of Chicago, by 
the Physics Society of Pittsburgh on April 23. Fol- 
lowing the dinner, Dr. Compton addressed the mem- 
bers, discussing the scattering of X-rays. 


Dp, JosepH C. Bioopgoop, surgeon in chief, St. 
Agnes Hospital, Baltimore, and associate professor of 
surgery in the Johns Hopkins Medical School, was 
tendered a dinner by the staff of the hospital on his 
return from a trip to Egypt. 


A RECEPTION and luncheon was given by the 
Chamber of Commerce of Phoenix, Ariz., on April 15, 
in honor of Dr. William Allen Pusey, president of the 
American Medical Association, who delivered an ad- 
dress; Dr. Pusey also spoke at a dinner arranged by 
the Chamber of Commerce at Tucson, and on April 
16 addressed the thirty-fourth annval session of the 
Arizona Medical Association at Bisbee. 


At the Geographical Congress in Cairo on April 3 
the United States minister presented the explorer 
Hassanein Bey with the Elisha Kent Kane medal of 
the Philadelphia Geographical Society. 


Sir Francis YOUNGHUSBAND was, on April 2, elected 
chairman of the Mathematical, Geodetic and Carto- 
graphic Section of the International Geographical 
Congress meeting at Cairo. 


At the meeting of the Royal Geographical Society 
on April 5 the president announced the award of the 
Royal medals as follows: The Founder’s Medal to 
Brigadier-General the Hon. C. G. Bruce, C.B., for 
his lifelong geographical work in the exploration of 
the Himalaya, culminating in his leadership of the 
Mount Everest Expeditions of 1922 and 1924. The 
Patron’s Medal to Mr. A. F. R. Wollaston for his ex- 
plorations and journeys in Dutch New Guinea, Cen- 
tral Africa and many other parts of the world. Other 
awards are: The Murchison grant to Mr. Eric Teich- 
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man for his travels in China and Tibet. The Bag, 
grant to Captain Bernier for his work in the Canadian 
Aretic. The Cuthbert Peek grant to Mr. Michag 
Terry in support of his proposed journey ACTOss 
Northern Australia. The Gill Memorial to Major p 
E. Cheesman for his journey to the deserts of Jafy, 
and Jabrin. 


Lorp Baurour has accepted the presidency of the 
newly-formed British Institute of Philosophical Styj. 
ies, Professor L. T. Hobhouse is chairman of th 
council, and the following are members of the exec. 
tive committee: The Master of Balliol, Mr. F. C. Bari. 
lett, Professor C. P. Broad, Dr. William Brown, Mis 
Edgell, Mr. E. Garcke, Dr. Ginsberg, Professor Dawe 
Hicks, Professor L. T. Hobhouse, Mr. Julian Huxley, 
Professor F. B. Jevons, Mr. H. T. Laski, Sir Lynden 
Macassey, Professor J. H. Muirhead, the Hon. Ber. 
trand Russell, Lady Rhondda, Sir Charles Sherring. 
ton, Professor Spearman and Miss Stebbing. 


C. F. Korstian, associate silviculturist at the Appa- 
lachian Forest Experiment Station, Asheville, N. C,, 


has been appointed to a research fellowship in the } 


School of Forestry of Yale University for the coming 
year, during which time he will be engaged in a study 
of the factors influencing the germination and early 
survival of the important American oaks. Both insti- 
tutions are cooperating in this study. 


Proressor E. L. SevrineHavs has been granted a 
leave of absence from the department of physiological 
chemistry of the University of Wisconsin, that he may 
spend about six weeks in the laboratory of Dr. Gra- 
ham Lusk, of the Cornell Medical School. He left for 
New York early in April and is devoting his time to 
studies on the respiratory quotient. 


Dr. E. W. Apams, professor of chemistry at the 
Kansas State Teachers College at Pittsburg, has re- 
cently joined the research force of the Whiting Re 
finery of the Standard Oil Company of Indiana. 


Pavut Jackson, B.S., Kansas, 1923, has become 4 
member of the research department of the Bakelite 
Corporation. 

Dr. Ricnarp Hamer, of the physics department 
of the University of Pittsburgh, has been appointed 
chairman of the section of physics of the Pennsy!- 
vania Academy of Science. 


Wat.ace E. Ricumonp, head of the physies depart- 
ment of the Newton High School, has been elected 
president of the Eastern Association of Physics 
Teachers. 


Dr. Francis R. Fraser, director of the Medical 
Unit of St. Bartholomew’s Hospital, London, is visit- 
ing medical schools in the United States. 
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Dr. H. K. ENDELL, a ceramic engineer of Germany, 
specializing in refractories, is visiting the United 
states. He is accompanied by his associate, Dr. F. 
W. Steger. 

Dr. ALBERT F’. BLAKESLEE, of the department of 
genetics of the Carnegie Institution of Washington 
at Cold Spring Harbor, L. I., has returned from a 
four months trip in South America undertaken for 
the purpose of making a study of the Jimson Weed 
(Datura Stramonium). He took part in the third 
Pan-American Scientific Congress in Lima, Peru, and 
visited other places on the west and east coasts. 


Dr. A. B. Stour returned in April to his work at 
the New York Botanical Garden after spending two 
months in southern Florida in a study of the flower 
behavior of avocados. This investigation was con- 
ducted in cooperation with the Florida Avocado Asso- 
ciation, the Dade County (Florida) Farm Bureau and 
the Bureau of Plant Industry, the latter represented 
in the field work by Mr. E. M. Savage and Mr. T. 
Ralph Robinson. While in Florida Dr. Stout ad- 
dressed the Florida Avocado Association on “Flower 
behavior of avocados with reference to pollination” 
and he also gave an address on “The clonal variety 
in horticulture” before the Florida State Horticul- 
tural Society at their thirty-eighth annual meeting. 


GreTriR ALGARSSON and the men who will accom- 
pany him on his exploration trip to the North Pole 
next month sailed on April 12 from Norway aboard 
the steamer Iceland, for Liverpool, from which port 
the start will be made. The final dash to the pole 
is to be made in a small airship of the Blimp type. 
Mr. Algarsson is taking with him 30 tons of cylinders, 
containing 50,000 cubic feet of gas for inflating the 
craft. 


Proressor H. 8. Jennrnas, of the Johns Hopkins 
University, gave on April 3 the Phi Beta Kappa 
address at Goucher College, on “Biology and the 
advancement of man.” He will give, during July 
and August, a series of lectures at the Hopkins 
Marine Laboratory, Pacific Grove, California, on 
“Heredity, environment and development.” 


On April 8, the annual Alpha Omega Alpha lecture 
at the University of Illinois College of Medicine was 
given by Dr. George Dick and Dr. Gladys Dick, of the 
John MeCormick Institute for Infectious Diseases, 
on the subject of “Scarlet fever.” 


Dr. Wituiam G. MacCatium, Baxley professor of 
pathology in the School of Medicine of the Johns 
Hopkins University, delivered the annual Conversa- 
tional Lecture of the Pathological Society of Philadel- 
phia in the College of Physicians on April 9. 
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Dr. Harvey W. Writey, of Washington, D. C., ad- 
dressed the Philadelphia County Medical Society on 
April 8 on “The importance of diet to health and 
vitality.” 

Dr. WILHELM KOLLE, professor of medicine, Uni- 
versity of Frankfurt-am-Main and director of the 
State Institute of Experimental Therapeutics, ad- 
dressed the scientific staff of the Rockefeller Institute 
for Medical Research, New York, on April 17 on 
“Some new facts in regard to drug fastness.” 


Proressor L. AsHer, of the chair of physiology at 
Berne, has accepted the invitation of four Spanish 
universities to deliver a course of lectures. 


Proressor H. A. Lorentz, of Leyden, will deliver 
the fifteenth annual lecture of the Institute of Metals 
on May 6. The subject will be “The motion of elec- 
tricity in metals.” 


THE seventy-fifth anniversary of the foundation of 
the Royal Meteorological Society will be celebrated on 
April 21 and 22. The celebrations include a visit té 
Kew Observatory and a lecture by Professor E. van 
Everdingen, director of the Royal Netherlands Meteor- 
ological Institute and president of the International 
Meteorological Committee. 


A BRONZE bust of Frederick Courteney Selous, the 
hunter-naturalist and explorer of South Central 
Africa, who was killed in action in the campaign in 
German East Africa, has been placed in the Natural 
History Museum at Nairobi. 


Dr. Davin Tatsot Day, a leading authority on min- 
eral and petroleum deposits, long chief of the division 
of mining and mineral resources of the United States 
Geological Survey, died in Washington on April 16 
at the age of sixty-five years. 

ProressoR CHARLES W. LAWRENCE, head of the en- 
gineering department at the University of Southern 
California, died on April 1 at the age of fifty-three 
years. 

H. E. Jones, past president of the British Institu- 
tion of Civil Engineers, died on March 24, aged 
eighty-two years. 

Sm Wru1Am PECK, city astronomer of Edinburgh, 
in charge of the Calton Hill Observatory since 1889, 
died on March 7 in his sixtieth year. 


Li£on MAQUENNE, distinguished for his work in or- 
ganic and biological chemistry, has died at the age of 
seventy-two years. 

Nature reports the death of Axel Wirén, professor 
of zoology at Upsala since 1893. « 


Tue Dutch Congress of Natural Science and Medi- 
cine was held at Gréningen, from April 14 to 16. 
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Honorary recognition has been conferred by the 
University of Wisconsin on four Wisconsin farmers 
and one Missouri man for outstanding service to the 
agriculture of the state and nation. Recognition is 
given by the university every February at the close 
of Farmers’ Week, to from two to five men who have 
been outstanding leaders in agriculture. Dr. Edward 
A. Birge, the president, who has just completed 50 
years of service in the university, presented the di- 
plomas. 


PRESIDENT COOLIDGE has signed an order establish- 
ing national forests in eight military reservations. 
These are Pines Plains and Camp Upton, New York; 
Camp Dix, New Jersey; Tobyhanna Artillery Range, 
Pennsylvania; Camp Meade, Maryland, and Forts 
Humphreys, Eustis and Lee, Virginia. 





UNIVERSITY AND EDUCATIONAL 
NOTES 


THE University of Leyden, founded in 1575, cele- 
brated early in April its three hundred and fiftieth 


anniversary. 
Dr. Wit1t1Am J. Crozier, professor of zoology at 


Rutgers University, has accepted a professorship at 
Harvard University. 


Proressor 8S. LerscHetz, of the University of Kan- 
sas, has been appointed to an associate professorship 
of mathematics at Princeton University. 


THE physics department of Princeton University 
announces the appointments of the following men as 
assistant professors: Dr. Henry D. Smyth, former Na- 
tional Research fellow and at present instructor in 
this department; Dr. Louis A. Turner, National Re- 
search fellow at Harvard University; Dr. Allen G. 
Shenstone, demonstrator in physics at the University 
of Toronto; Dr. Charles T. Zahn, National Research 
fellow at Princeton University. 


Dr. GruBERT Morcan Samira, of the University of 
Wisconsin, known for his work on algae, who was a 
visiting professor at Stanford University last year, 
will join the Stanford faculty permanently next year. 
Professor Douglas H. Campbell retires at the end of 
this year. 


Soton SuHepp, head of the department of geology 
at the State College of Washington and state geolo- 
gist of Washington, has accepted a position at Stan- 
ford University, where he will have charge of the 
John Casper Branner Memorial Geological Library. 


Ear.eE B. Pueups has been appointed professor of 
sanitary science at the College of Physicians and Sur- 
geons, Columbia University. Professor Phelps has 
for a number of years been a member of the faculty 
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of the department of biology and public health of the 
Massachusetts Institute of Technology and was late, 
professor of chemistry at the Hygienic Laboratory, 
U. S. Public Health Service at Washington. The ge 
partment of sanitary science is the second departmen; 
of a group which will eventually constitute the Ing. 
tute of Public Health of Columbia University founde, 
under the terms of the will of the late Joseph D,» 
Lamar. The department of public health administrs. 
tion is headed by Professor Haven Emerson, who js 
responsible for developing this new effort in education 
and research in preventive medicine. In August the 
position of assistant professor of epidemiology will h. 
filled and in September a new assistant professor of 
medicine in industrial hygiene will be added to the 
staff. 


Dr. N. B. Dryer, formerly of University College, 
London, has accepted an appointment in the depart- 
ment of physiology of Dalhousie University at Halifax. 





DISCUSSION AND CORRESPONDENCE 


CONFUSING TRAFFIC SIGNALS 


A coupLe of years ago I almost got into serious 
trouble for flagrant disregard of traffic signals, when, 
in fact, I supposed I was obeying them, and came to 
with a queer “gone” feeling when told quite fiercely 
that I was not. I had wanted to drive across Euclid 
Avenue, an east and west main thoroughfare, had 
seen the “stop” signal, had said “That’s good” and 
had driven straight across. 

What was wrong? Not only was I tired, but the 
occurrence took place at the end of a long period 
in which I had not been driving but had done a good 
deal of dodging to and fro across the avenue on foot. 
To a person on the sidewalk the word “stop” in the 
middle of the crossroads means “It is safe to cross 
the street you are on” (Figure No. 1); and if most 


4 


z 


———s as 


4 
eh? 





a 
a 
_ 
2 
be 


Fie. 1 


of a pedestrian’s careful street-crossing is done on 
some one street, like Euclid Avenue, the sign comes 





APR 


to. 
the 
ped 
nal 
cou 


Ho 
for 
tell 


you 
ent 
or 

you 
the 
tur 
Yor 
wh 
buc 
str 
So 
roa 
ver 


| Th 


it ¢ 
his 


sig 









Of the 


S later 
ratory, 
he de. 
rtment 
Insti. 
unded 
oh De 
Listra. 
vho is 
cation 
St the 
rill be 
or of 
O the 


llege, 
Part- 
lifax, 


VCE 


rious 
yhen 
1e to 
reely 
iclid 
had 
and 


the 
riod 


oot. 

the 
rOss 
10st 


on 








jm 24, 1925] 


to mean “It is safe to cross Euclid” (or whatever 
the particular street may be). And then when the 
pedestrian starts driving again, the red “stop” sig- 
nal may still mean “Cross Euclid.” Stupid, of 
course, but perfectly natural. 

It is a question of confusing a sign and a signal. 
However loosely the words may be used, they stand 
for two very different things. A sign is a label that 
tells something about a thing or place. A signal is 
, “word of command” to move your body or the car 
you are driving in a certain way, relative to its pres- 
oii position, but quite regardless of absolute place 
or absolute direction. A sign tells you more about 
your surroundings. A signal invites you to forget 
them. “Gee,” “Haw,” “March,” “Halt,” “Right 
turn,” “Left turn,” “Full steam ahead” are signals. 
You can follow them without the remotest idea of 
where you are or where you are going. Landmarks, 
buoys, steeples, barber poles, show windows and 
street names or numbers tacked on a wall are signs. 
So are such legends as “Entrance,” “Exit,” “No 
road,” “This way to the Art Museum”; and so is the 
very appearance of the roadway or the sidewalk. 
They all give loeal information and leave you to use 
itas you will. A pilot or steersman looks for signs; 
his engineer below looks for signals. 


A traffic officer’s whistle is partly signal, partly 
sign. In so far as it means “Go, if you have stopped; 
stop if you are going,” it is a signal. But when, as 
in Cleveland, one blast means “Traffic will move 
north and south” and two blasts mean “It will move 
east and west,” it is a sign. A “stop sign’ is sup- 
posed to be a signal pure and simple. 


Now, signs are more natural and more usual guides 
for either man or beast than signals. It often takes 
a good bit of tugging at the rein to make the horse 
you are riding leave the trail. Moreover, the man 
on the street, whether pedestrian or driver, is sur- 
rounded by signs but sees very few signals. He is 
in an atmosphere of signs, and if he can interpret 
a signal as still another sign, he tends to do so. And 
that is what the writer had done when (as pedestrian) 
he gradually learned to make the red light at the 
crossroads mean “Euclid Avenue may be crossed.” 


There are two ways for traffic authorities to avoid 
this confusion. One (now under experiment at a 
single corner in Cleveland) is to remove the signal 
from the middle of the road altogether and put a 
two-faced light (showing opposite colors at right 
angles to each other) at each of the four corners 
over the edge of the sidewalk (Figure No. 2). 
These lights give the same command to everybody, 
whether walking or driving: “Approach the blue,’ 
but not the red.” 
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The other method is to add the informative or sign 
element of the officer’s whistle to the signal element 
of his lights. Show your colors as at present, but 
when traffic is east and west show two lights instead 
of one, and make a corresponding change in the ap- 
pearance of the portable, hand-worked “Go-go tree.” 
The color is the signal, and any stranger can under- 
stand it. The number (or shape) is the sign, and 
the pedestrian who had learned that a single red 
light or a given red mark means “Euclid may be 
crossed” would hardly give that meaning to the double 
red light or the different red mark that he sees from 
his car when Euclid may not be crossed (Figure 
No. 3.) 


Central ‘signal set for HES traffic. 
A) E&BW face. B) NES face. 
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Incidentally, such a change as this would practically 
solve the problem of color-blind drivers or color dis- 
tortion in a fog, for number (or shape) would guide 

1They actually use green, but blue would make less. 
confusion for the rather large number of red-green color- 
blind drivers. 
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a driver, who knew how he was facing, when color 


could not. H. Austin AIKINS 
WESTERN RESERVE UNIVERSITY 


CLEVELAND, OHIO 


THE UNDERTOW MYTH 


I am very glad indeed to see the undertow myth 
exposed. For many years I lived in Evanston, Illi- 
nois, on the shores of Lake Michigan, in which I used 
to swim a great deal. Solicitous friends and relatives 
(most of them non-swimmers or very poor swimmers) 
took it upon themselves on innumerable occasions to 
caution me against the “strong and treacherous under- 
tow” which they said was present, especially during 
rough weather. Many a time when the waves were 
dashing very high I have taken my usual swim with 
but little fear, believing that if I were carried out by 
this mysterious undertow I would be able to swim up 
to the surface where, all are agreed, there is no out- 
ward flow; for the water could not be towing away 
from the shore on the bottom and at the surface 
simultaneously. If this were the case all the water 
along the shore would recede and pile up in the diree- 
tion of the center of the lake. After “taking my life 
in my hands” on many occasions during many sum- 
mers, I came to tne conclusion that, as far as I was 
concerned, undertow even in stormy weather was non- 
existent along the shores of Lake Michigan. In fact, 
it always seemed to me that the pounding waves 
hurled me toward the shore with a force a little 
greater than any I could detect pulling me out to 
sea; but I never reasoned the problem out thoroughly, 
as Davis has in a recent issue of Science. I used to 
think that this phenomenon might be manifest on 
shores where the slope of the bottom is very steep 
and complicated also perhaps by tides. Now, how- 
ever, after studying Davis’s article and after review- 
ing my own experience in rough water, I am con- 
vineed that undertow is a myth. Davis’s theory that 
it has arisen from the fear and confusion of people 
not accustomed to big waves seems to me more than 
plausible. 

As requested by Davis, I will add the following 
information: I am almost as much at home in deep 
water as I am on dry land. The slope of the floor 
of Lake Michigan near the shore is not steep. The 
direction of the wind, as far as I can recollect, was 
usually toward the shore. When I used to swim in 
Lake Michigan I never made a critical study of wave 
movements at the time. This communication is merely 
a “memory record.” However, I did go into the lake 
many times in stormy weather at places where an 
undertow was said to exist and I never was able to 
detect it. 

Watter C. JONES 

BIRMINGHAM-SOUTHERN COLLEGE 
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A QUOTATION FROM HIPPOCRATES 


To the charge that one has not accorded due hono; 
to Hippocrates, one may not remain silent even if gp. 
fense is both presumptuous and impossible. In a 
address (Science, September 5, 1924) use was magp 
of the wording on a tablet on one of the Harvarj 
Medical School buildings. It was of exactly that type 
of monumental inscription that America is accustome) 
to receive from Dr. Eliot’s pen. Dr. Eliot did, in. 
deed, furnish the particular phrasing used, hence | 
accepted without question the statement that he had 
written it. 

Several letters from friends calling my attention 
to the fact that the inscription is a translation from 
Hippocrates, an anonymous letter on the same subject, 
and the recent distress of the writer in ScrENCE (Feb. 
ruary 13, 1925, page 184) deepen my chagrin at my 
ignorance. Had I not been ignorant, however, I could 
not have made an ultra-modern interpretation of the 
inscription; an interpretation which many appre- 
ciative letters indicate has been helpful. 

Boston Francis G. BENEDICT 


“TUMBLING” IN A WILD MOURNING DOVE 


THIRTY years ago my wife and I observed “tun- 
bling” in a wild mourning dove. A description of 
the observation was sent to Dr. C. O. Whitman and 
its receipt acknowledged by him, but, so far as [| 
know, he never made use of the data or made these 
known. I will give the data here from memory. 

We were driving north over flat open country. 
Mourning doves were flying from the northwest to a 
“pigeon roost’? southeast of us, in a dense apple 
orchard which had grown up from an abandoned 
nursery. The tumbling bird was first noticed a 
sixth of a mile in front of us and to the left of the 
road. I thought the bird had been shot and hit and 
I waited for the report of the gun, but none came. 
The bird balked, fell over backward fluttering, 
dropped say fifteen feet, recovered and flew on. 
When no gun report was heard we wondered if the 
bird might have struck a wire, but saw none in the 
field where the bird had been. The bird crossed the 
road an eighth of a mile in front of us and flew 
diagonally past us at a distance of about a tenth 
of a mile and disappeared behind and to the right 
of us. Twice more it tumbled in full view, though at 
distances of one tenth and one eighth of a mile. 
Each time the behavior was the same—balking, 4 
fluttering backward fall, recovery while still well 
above the ground and a renewal of flight. I had not 


at that time seen tumbler pigeons in flight. When 
later I did see them their behavior impressed me as 
similar to that of the wild dove. 


Maynarp M. Meroar 
NATIONAL RESEARCH COUNCIL 
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THE TEACHING OF EVOLUTION IN 
NORTH CAROLINA 


Persons interested in science may be interested to 
know that Representative Poole introduced the fol- 
lowing bill (resolution) for the suppression of the 
teaching of either the Darwinian or any other evolu- 
tionary hypothesis as a fact: 


Resolved by the House of Representatives, the Senate 
concurring, that it is the sense of the General Assembly 
of North Carolina that it is injurious to the welfare of 
the people of North Carolina for any official or teacher 
paid wholly or in part by taxation to teach or permit 
to be taught as a fact either Darwinism or any other 
evolutionary hypothesis that links men in blood relation- 
ship with any lower form of life. 


This bill was referred to the Education Committee 
which had a hearing and voted to report it unfavor- 
ably. A minority report was brought to the floor of 
the house which was defeated by a vote of 64 to 47. 

B. W. WELLs 
Z. P. Mercaur 


NortH CAROLINA STATE COLLEGE 
RALEIGH, N. C. 





SCIENTIFIC BOOKS 


The Mental Growth of the Child; A Psychological 
Outline of Normal Development from Birth to the 
Sith Year, Including a System of Developmental 
Diagnosis, By Arnoutp GesEetu, M.D., Ph.D. Mac- 
millan, 1925, pp. 447. 


Dr. GrsELL has accomplished a pioneer and monu- 
mental piece of work. The reviewer feels indeed that 
“The Mental Growth of the Child” is easily the most 
important book that has ever been written on the 
early mental and psychical development of children. 
Its purpose is primarily to serve as a handbook of 
clinical diagnosis. The procedure involves a com- 
bination of test and observational methods. Develop- 
mental norms have been established for motor de- 
velopment, language development, adaptive behavior 
and personal-social behavior. These norms are 
frankly tentative and sketchy, but they may be used 
for the assignment of rough developmental age 
scores to subjects who have been examined. 

For motor development there are (if the reviewer 
has counted correctly) 34 tests; for language develop- 
ment, 24; for adaptive behavior, 58; for personal- 
social behavior, 39. Many of these are new and 
most ingenious. All have been applied to 50 chil- 
dren of each of the following age groups: 4 months, 
6 months, 9 months, 12 months, 18 months, 2 years, 
3 years and 5 years. The subjects were selected so 
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as to secure as nearly as possible representative 
groups. The labor involved was enormous and of 
course required several years for its completion. 

Fortunately it was not necessary to give the entire 
list of 155 tests to each child. For use in clinical 
diagnosis the 155 tests are divided into ten groups, 
one for each of the age groups named above. This 
gives an average of some 15 or 16 tests for any given 
subject. In actual practice the number will be some- 
what greater than this, as some preliminary explora- 
tion is necessary to ascertain which of the ten series 
of tests best applies to a given subject. The time 
required is 40 to 60 minutes. It will doubtless be a 
surprise to many to know that four-months infants 
can withstand an examination so prolonged. That 
they can do so is due to the simplicity and informal- 
ity of the tests. 

The author does not intend that his method shall 
be used as a psychometric tool, it the strict sense. 
Quantitative scores are not given on the separate 
parts of the examination, but simply an A, B or C 
to indicate roughly the quality of the performance. 
The assignment of such qualitative scores is frankly a 
subjective procedure. Usually the author sums up 
the results of an examination in terms of a “develop- 
mental age,” although it is not made clear just how 
the individual qualitative scores are summed. The 
author repeatedly insists that it must not be made a 
matter of simple addition. As a clinician he is very 
skeptical about the value of numerical scores of the 
usual sort. 

Unquestionably much can be said for this point of 
view. Even in work with older subjects numerical 
scores can easily be abused, and in the examination 
of infants this danger is doubtless a very serious 
one. The reviewer feels, however, that the position 
which the author has taken on this point detracts 
from the value of his methods for both practical and 
scientific use. If a developmental age score is to be 
assigned at all, it ought to be the most accurate one 
that the data at hand make possible. Scores in 
terms of “A,” “B” or “C” are certain to be given 
widely different meanings by equally competent ex- 
aminers. Uniformity of procedure in giving the 
tests is also rendered difficult in some cases by lack 
of explicitness in the directions. No attempt is made 
to establish the reliability of the various tests or their 
exact diagnostic significance (validity). Statistical 
results are not given; in a majority of cases not 
even the percentages of children “passing” a given 
test. 

To the reviewer it seems that in steering so clear 
of psychometric technique, the author has sacrificed 
much of the value of his data. For example, the 
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child’s drawing of a man is rated only as A or B, 
although Dr. Goodenough has recently demonstrated! 
that by the use of a refined scoring technique this 
test, used with unselected children of four or five 
years, can be made to yield a correlation of .70 with 
Stanford Binet mental ages. Something like this 
may be true of many of the other tests. 

Probably the greatest technological weakness of 
medical diagnosis is the play it gives to the sub- 
jectivity of judgment. Dr. Gesell’s methods will be, 
or at least should be, widely used by physicians; it 
is unfortunate that his treatment of the subject does 
not set the medical practitioner a better example of 
objectivity. Detailed standardization and statistical 
evaluation will of course be carried out by others, 
and the danger is that it will be done by investiga- 
tors who lack the extraordinarily rich clinical ex- 
perience which Dr. Gesell has had. 

But the reviewer has already devoted too much 
space to what he regards as a defect. If defect it 
be—and one may admit that the question is debat- 
able—it is heavily overshadowed by the merits of 
the work as a whole. The author has staked out 
new territory of great promise in one of the richest 
of the border-line fields between psychology and 
medicine. His treatment is original and suggestive 
in highest degree. The clinical comparisons between 
typical subjects of adjacent age groups are little 
short of dramatic. The fifteen or more brief chapters 
devoted to the larger aspects of early mental diag- 
nosis are admirable in substance and form. The 
reviewer predicts that the book will bring about a 
renaissance of interest in observational and experi- 
mental work with young children. It ought to have 
a wide distribution not only among physicians and 
psychologists, but also among parents and teachers. 
Its delightful literary style, its freedom from tech- 
nical jargon and its wealth of illustrations (there 
are 227 figures) make it a book for every intelligent 
person who is not too stupid or too unimaginative 
to take an interest in this most dramatic and fascinat- 
ing of all the “ages of man.” 

Lewis M. TerMAN 

STANFORD UNIVERSITY 


Antics of the Ants and Ingenious Insects. Two vol- 
umes bound in one. By Aurrep Marx SALYyER, 
Glendale, California. New York, Laplante and 
Dunklin. 


Tus superbly printed volume may be described as 
a rollicking book of science. Following quotations 
from leading entomologists, it is adorned by humor- 
ous cartoons, and conclusions of students of insects 


1In a doctor’s dissertation not yet published. 
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are expanded into verse, often reminiscent of Mothe, 
Goose and at other times rising almost to seriousney 

While the wisdom of the ants and their genius fo, 
cooperation is highly extolled, our author quizzically 
warns us against other insects, with whom “a desper. 
ate war” must be waged, in which “man’s civilization, 
his very life, are at stake,” and the victorious inse¢ 
“hosts will be swarming throughout the smouldering 
ruins of his last handiwork.” 

Davip Starr Jordan 
STANFORD UNIVERSITY 


The Romance of the Holes in Bread. A Plea for 
Recognition of the Scientific Laboratory as the 
Testing Place for Truth. By I. K. Russe11, mem. 
ber American Chemical Society; Author of “Hid- 
den Heroes of the Rockies,” and “Frontier Tales of 
the Townsend House.” Easton, Pennsylvania, The 
Chemical Publishing Company. 


A mopeEst but thoroughly wholesome bit of popu. 
lar science is Isaac Russell’s “Romance of the Holes 
in Bread.” Beginning with the common and appar- 
ently commonplace process of bread-baking, Mr. 
Russell takes up the nature and functions of the 
yeast-plant, and from it the general qualities of 
bacteria, incidentally at the same time describing the 
obstacles encountered by men who in earlier ages 
realized that we know nothing whatever of the uni- 
verse, save that which through the ages we have 
found out, not thought out, to be true. 

All this leads to a record of the life and work of 
Louis Pasteur, greatest of Frenchmen and one of the 
noblest figures of all time. Phases of the work of 
Pasteur and of his disciples are indicated graphically 
in chapter headings: “Finding the source of plagues”; 
“From ferments to sanitation”; “Bake oven to 
bandages”; “From poultry to vaccination’; “The 
conquest of hydrophobia”; “Back to the bakery.” 

Davip Starr JORDAN 





SCIENTIFIC APPARATUS AND 
LABORATORY METHODS 


A FIELD TRIP AID 


Durine the writer’s observation of birds and nests 
he has found the contrivance described and sketched 


below to be an invaluable addition to the equipment 
@ THE 


(see Fig. 1). 

This small bit of apparatus consists of an ordinary 
circular pocket mirror two and one half inches in 
diameter, around which is twisted about twenty inches 
of eighteen gauge copper wire. The wire is put on 


in such a manner that by bending it at a right angle 
to the plane of the mirror and by bending the lower 
loop backward parallel to the mirror, an ordinary 
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stick can be pushed up through both loops. With the 
mirror placed thus, one is able to see the contents of 
many nests which are out of reach and which could 
not be looked into without the aid of a ladder or sup- 
port of some kind. It is especially valuable to observe 
contents of nests which are located in bushes or small 
saplings six to ten feet from the ground. It also may 
save the observer a useless climb into a larger tree. 

By bending the wire in the same general plane as 
the mirror, it ean be conveniently carried in the 
pocket or handbag. 

Sticks of varying lengths are always available in 
the woods and the writer has made use of a broom on 
several occasions where the nests were located in trees 
near a house. 

This device is also quite valuable when there are a 
number of people in the party, a bird class, for in- 
stance, as it gives all a chance to see the eggs, young 
or empty nest practically at the same time, and thus 
disturb the nest for but a short time. 


Harry C. FortNER 
UNIVERSITY OF VERMONT 





SPECIAL ARTICLES 


@ THE RELATION OF EXERCISE TO RICKETS 


IN WHITE RATS? 


Iv has been observed by Paton, Findlay and Watson 
in their experiments on dogs that those kept in the 
country and freely exercised in the open air, although 


1From the Laboratory of Physiological Chemistry, 
University of Minnesota. 
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they had actually a smaller amount of milk fat than 
those kept in the laboratory, remained free of rickets, 
while those kept in the laboratory became rachitic. 
This supported their belief that diet alone was not 
the sole factor in producing rickets—that exercise and 
sunlight were both instrumental in the prevention of 
rickets. It was on the basis of such observations that 
this experiment was started to determine, if possible, 
whether exercise (as well as sunlight) tends to pre- 
vent rickets. 

Litter No. 123 (from a mother kept away from 
ultraviolet light and fed a diet low in antirachitic 
vitamine), consisting of eight albino rats (four fe- 
males and four males), were placed on a diet March 
14 which in previous experiments had proved to be 
rickets-producing, with the exception of one rat. This 
rat was given a diet containing “red dog” flour high 
in phosphorus, thus serving as a control since such a 
diet would normally not produce rickets. 

The apparatus consisted of a series of individual 
wire-netting tread-mills of the squirrel cage form, the 
end pieces of which have a diameter of about 16 
inches and are mounted on a two-tier rack. Each 
cage is equipped with a counter so that the number 
of revolutions made by the animal is registered. 
Each cage is equipped with a receptacle for food or 
water. 

Diet No. 341, low in phosphorus, and containing 
relatively much calcium, was made according to the 
following formula: 


a ee 2 per cent. 
Piedtee of Part. csi: 2. 
EE ES DERE OE VE gt 2 
I a ee 
Flour (high patemt) o..c.cccccccccmseeusnen OF ee oF 


The phosphorus content was determined to be about 
138 mg per 100 gms of food. This diet is also lack- 
ing in antirachitie vitamine and vitamine A. During 
the last week, one gram alfalfa meal daily was given 
each rat to cure xerophthalmia which had developed. 
Rat VIII was fed on the same diet with the substi- 
tution of red dog flour as a control. 

Each animal was kept well supplied with the diet 
and distilled water; weighings were taken every 
week, and note was made of abnormalities, such as 
sore eyes. Rats Nos. I, II and III were given the 
greatest amount of exercise for two hours between 
the hours of 5 and 7 P.M. Rats Nos. IV, V and VI 
received one hour of the same exercise. Rats VII 
and VIII received no special exercise at all. At the 
end of a week, rats Nos. I, II and III were exercised 
from 8 P.M. to 7:30 A.M. (except Sunday), and an 
average of 1,000 revolutions per night was quite con- 
stantly maintained. This would equal a distance of 
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a little less than a mile per night. For the rats re- 
ceiving the least exercise (IV, V and VI) periods in 
the revolving cages were given on alternate nights. 
This method was in accordance with the work of 
Slonaker who found that the period of activity for 
the albino rat was during the night between 8 P.M. 
and 3 or 4 A.M. and the period of rest during the 
day. The experiment was continued over a period 
of six weeks beginning March 14 and ending April 
25. At this time the animals were X-rayed and 
autopsied. 

At autopsy the following findings were obtained: 


THOSE RECEIVING Most EXERCISES 


Rat I Costochondral junctions enlarged decidedly 
in middle four ribs, larger on right than 
left. 

Rat II Costochondral junctions decidedly enlarged 
lower half of both sides. 

Rat III Costochondral joints noticeably, but not as 
markedly enlarged as I and II; more so on 
the right lower six ribs. 

THOSE RECEIVING No EXERCISE 

Rat IV Costochondral junctions very slightly en- 
larged, more distinct on left lower five. 

Rat §V_ Costochondral joints slightly enlarged. 
THOSE RECEIVING No EXERCISE 

Rat VII Showed slight nodules on right lower six 
costochondral junctions; smaller on left side. 

Rat VIII Died April 2, no rickets. 


X-ray plate showed mild rickets in all rats except 
VIIL. 
TABULATED RESULTS 











Body Weight in Grams 
Rat.No. Date 3/14 3/21 3/29 4/4 4/11 4/18 
Be eciictiies) Eee 35 37.5 42 46.5 
| ee of 36 41 42 47 
UE eal . ei 798 35 41 44 45 
 —_—ae ee 37 42 43.55 40 
ers ee 31 32 35 37 
(ees 30 30 30 30 
a EE eae . 2 32 35 40.5 44 42 

Wie ita: 21 38 42 Died 4/2 





Conclusion: Exercise does not prevent rickets. 
AGnes WituiAMs Frost 
" UNIVERSITY OF MINNESOTA : 


COINCIDENCE BETWEEN THE RANGES OF 
FORMS OF WESTERN YELLOW PINE, 
BARK BEETLES AND MISTLETOE 


In 1924 the writer’ called attention to some hitherto 


1 Korstian, C. F., ‘‘A silvical comparison of the Pa- 
cifie Coast and Rocky Mountain forms of western yellow 
pine,’’ American Journal of Botany, 11: 318-324. 1924. 
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obscure differences between the Pacific Coast ang 
Rocky Mountain forms of western yellow pine, Jy. 
lowing the publication of this paper Dr. F. C. Craig. 
head, entomologist in charge, Forest Insect Investiga. 
tions, U. S. Department of Agriculture, has ¢aljoj 
the writer’s attention to the striking manner in whic), 
the ranges of two species of yellow pine bark beetle 
correspond to the ranges of the two forms of wester, 
yellow pine. The range of the mountain pine heetl. 
(Dendroctonus monticola Hopk.) corresponds very 
closely to that of the Pacific Coast form of wester 
yellow pine (Pinus ponderosa Laws.), while the Black 
Hills beetle (Dendroctonus ponderosa Hopk.) ranges 
over the same territory as the Rocky Mountaip 
form of yellow pine (Pinus ponderosa scopulorwm 
Engelm.) These two species of Dendroctonus do not 
overlap, which still further substantiates the writer’ 
contentions as to the differences in the characteristics 
of the two forms of western yellow pine. Dr. Craig. 
head states that although the adults of these two 
species of bark beetles are somewhat difficult to 
separate, their habits and general bionomics are 
strikingly different. 

A comparison of the ranges of two species of west- 
ern yellow pine mistletoes with the ranges of the two 
forms of yellow pine also reveals a striking coinci- 
dence. Hedgeock? records Razoumofskya campy- 
lopoda (Engelm.) Piper as occurring very commonly 
on Pinus ponderosa in the Pacific Coast region and 
R. eryptopoda (Engelm.) Coville, the eastern form, 
as “very common on the western yellow pines, Pinus 
ponderosa and Pinus ponderosa scopulorum, in the 
states in the region of the Great Basin and Rocky 
Mountains from eastern Washington to [Arizona 
and] New Mexico.” Thus it is seen that, with the 
exception of a slight overlapping in the northwest, 
each of these species of mistletoe attacks a particular 
form of the western yellow pine. 


These two parallel cases tend strongly to strengthen 
the belief that biologie forms change readily in re- 
sponse to the environment. The environmental cor- 
ditions which characterize the habitats of these two 
forms of western yellow pine and the associated bark 
beetles and mistletoes are sufficiently diverse to re 
sult in climatic variants of these species. Many s0- 
called species of plants and animals differ from each 
other because of their differing reactions to the same 
or to widely diverse environmental conditions. 

C. F. Korstian 

APPALACHIAN ForEST EXPERIMENT STATION 

ASHEVILLE, NorTH CAROLINA 


2Hedgcock, George G., ‘‘Notes on some diseases of 
trees in our national forests. V.’’ Phytopathology, 5: 
175-181. 1915. 
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